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CHAPTER XLV 


EXPEDIENTS IN DESIGN AND CONSTRUCTION 

In bridge engineering practice the term ‘'expedient'' may be defined 
as a method or detail of construction evolved to meet some new or un- 
usual condition. What may properly be termed an expedient in one 
year may have become established practice in the next; for usually en- 
gineers very properly adopt evcrjrthing new which is of real value in 
designing and construction. But, because of cither the inherent modesty 
of bridge engineers dr of their lack of time to make records, or possibly 
on account of the well known general disinclination of busy men to write 
for publication, many valuable (ixpedients are used once or twice and then 
forgotten. To record some of these is one of the objects of this chapter, 
but its true raison d^Ure is to impress upon young engineers and students 
of engineering the fact that it is almost alwtiys possible to evolve some 
method of overcoming any obstacle that may arise in either the designing 
or construction of bridges, all that is requisite being an intense and earnest 
application of mental energy to the probhm. 

Kno^ring that in his own practice the author had evolved at various 
times expedients worth recording, and not wishing to illustrate this chap- 
ter by his o^vn work alone, in 1907 he wi’otc to a number of his engineer- 
ing friends and acquaintances who specialized in bridgework and asked 
them to cooperate with him J)y sending him descriptions of some of their 
expedients. A few of them complied with his request, but a numb(»r 
very modestly stated that they could think of no special work of theirs 
worth recording. The author regrets that his attempt was not more 
successful, and he takes this occasion to thank sincerely the gentlemen 
who did comply. He will now reproduce the salient portions of their 
letters before recording certain exixjdients of his own. 

Edwin Thachcr, Esq., C. E., of the Concrcte-Stccl Engineering Com- 
pany, and well known both as a consulting bridge engineer and as the 
inventor of one of the best slide rules ever put upon the market, wrote 
as follows: 

“I can think of but one expedient resorted to in my exi)(»ricnco which is worth re- 
cording. It is as follows: A few years ago I was (lonsultiiig engineer for a bridge across 
the Merrimac lliver at Newburyport, Mass. The Boston Bridge Works were con- 
tractors for the bridge, and Shailer & McConnick were subcontractors for the sub- 
structure, which wtis of steel cylinder piers filled with concrete. The bridge consisted 
of four fixed spans of 206 feet each, and a pivot span of the same length. TIk^ pivot 
pier was built of seven 6-foot cylinders, one of them being at the centre; and («ich of the 
other piers consisted of two 8-foot cylinders. The bridge had a 34-foot roadway and one 
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7-foot sidewalk, and was built to carry safely heavy loads. Soundings were made before 
work wiis coininonccd and it was supposed that rock would be reached from 40 to 60 
feet below low water, the depth of water being from 20 to 28 feet. On reaching the 
depth at which it was supposeil rock would be found, we were surprised to learn that 
there was no rock there within sounding distance, but we found a bed of small boulders 
mixed with sand iuid gravel instead. This kind of foundation was not considered safe 
to bear the load, consequently the difhculty was overcome by converting this bed of 
boulders and small material into concrete having a much larger area. The piers were 
put down by compressed air, and the following course was adopted. The pressure in 
the cylinder wjis rc*licveti until about 4 feet of w^ater came in. This body of water, the 
size of the cylinder and about 4 feet deep, was converted into a rich grout. The pressure 
w'as then put on, and this grout was sent down into the foundation, and the process rc- 
pc'ated until it would take no more. It was found that this concrete spread out for 
considerable distance in all directions, for in grouting the second tube of any pier there 
was evidence that the grout usixl in the first tube had extended that far, so that the 
second tube would take less grout than the first. 

“This course was followeil for all the tubes, including those for the pivot pier, and I 
think without doubt that the foundation was converted into a mass of concrete, just as 
good as rock. 

“ This method can be followed very readily w'hcn compressed air is used, but not so 
readily when it is not used.” 

This expedient of Mr. Tluicher’s was truly a novel one and well worthy 
not only of record but also of adoption under similar conditions. It 
would be well to use it for all pneumatic piers that are not carried to 
bed-rock and which rest on material into whicli grouting can bo forced. 

The late Horace E. Horton, Esq., C.E., who for many years was one 
of Americans most prominent contractors, especially in highway bridge- 
work, wrote as follows: 

“I have in mind the doubling up, in fact even trebling up, of old spans as well as 
girders to fit the increased loading (a continuous performance of railroad demands). I 
have a case in mind of three 80' spans — ^8-tn»:s, double-track, half-through bridges, 
which w’crc re-erected as one single-track, 3-truss, 80' span deck bridge, and one 
6-truss, single-track, 80' span deck bridge. This is as an extreme example and even 
with three times the material to do the w'ork it seemed desirable to add rivets at certain 
points. 

“I am disposed to question whether reminiscences of this class would have any par- 
ticular value. They surely are interesting as showing the extreme of economy in using 
up old material. 

“We have on repeated occasions reduced a double-track bridge to a single-track one, 
cutting off the beams and using four stringers for a single track. We have rearranged 
two single-track-span deck bridges into one span. We have made two single-track 
spans from three-single-track, deck-bridge spans. We have formed two single-track 
spans into a single-span through bridge, using equalizers for floor connections to the two 
spans, and have riveted one track stringer immediately on top of another. 

“I am not speaking of the above sis a matter of novelty or merit, merely facts that 
the business presented itself in these shapes, which 1 presume it has done to all other 
manufacturing concerns in our line." 

The eminent bridge engineer, Ralph Modjeski, Esq., wrote thus: 

“Regarding expedients. At this time I can only mention a few which occur to me, 
as follows: 
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''In designing the Rock Island Bridge draw span, by certain requirements of the 
Commanding Officer under whose executive charge the bridge was being built, I was re- 
quired to dispense with main pinions and gearing of the ordinary type. A sprocket 
chain gearing was therefore designed and has been opc;rating very successfully, althougfi 
1 would not repeat this design on account of its expense and complication. 

“ During the construction of this draw span when the ice carried out one of the arms 
partly erected, both the railway and the river traffic had to be taken care of, and a lift 
span was improvised for that purpose. In this bridge there were also a few features 
of the erection which might be considered as expedients. All of these you will find in 
Appendix 5 of the Report to Chief of Ordnance, U. S. A., 1899. 

“On the Thebes Bridge a number of expedients were employed both in designing and 
in construction. Those used in the foundations belong properly to the contractors, 
C. Macdonald & Co. of New York, who may be able to furnish you with some informa- 
tion. 

“On the superstructure I would call your attention to an expedient at I^SO for taking 
care of the ex])ansion in the lateral system.* Also to the double pin arrangement at 
LOC, the object of the second pin being to relieve bending strcisses in the bottom chord 
which would result from the simultaneous deflection of the two adjacent spans. t I send 
you the lithographs under separate cover. 

“On the construction of the Willamette Bridge it was deemed advisable to lower the 
caissons from barges so that the bargees could be placed and the caissons built at any 
convenient point. I am writing to Mr. Nickerson, Resident Engineer, to send you a 
photograph of this ai’rangement.t 

“ I would also refer you to the Transactions of the American Society of Civil Engineers 
for some details of rail locks and end lifts which may properly be considered as expedients. 
These were showm in connection with the discussion of Mr. Schneider's paper on Draw 
Bridges.” 

A. F. Robinson, Esq., the well-known bridge engineer of the Atchison, 
Topeka, and Santo Fo Railway System, wrote thus: 

“We, of course, have to adopt a good many. expedients in our practice which do not 
work out very successfully. PerVai)s one of the items that has caused the writer the 
most trouble hiis been the expansion bearings under long girders and under short truss 
spans. 

“Some years ago, Mr. Onward Bates, § in discussing details of design, advisinl that 
for shoes under girders the sole plates be beveled, leaving the bearing of the sole plates 
about 8” in length, vrith sufficient width to distribute the loading into a cast base 
or a heavy wrought metal base. I adopted this scheme for our long girders from 70' 
spans up. 

“We used this plan for five or*six years. Where the bridge pointed nearly North 
and South and where the pedestal stones were in one i)ioce for the whole width of pier, 
or where they extendtxl back through the parapet w'alLs on abutinc'iits, we have had no 
trouble from the expansion. On the other hand, wo have had scvcual bridges which 
stood more nearly hljist and W'est in which the pwlestal stones on the abutments or on 
the piers have pulled badly on account of the str(\ss (viused by the gird(»rs sliding on the 
bases. About three years ago we changed the detail for st ructures of thija kind, using 
instead a heavy cast-iron base with a Large lozenge-shaped rocker or disc. These 
rocker bearings have thus fiir worked very nicely. 

“What I have been trying to avoid was the necessity for a lot of steel castings and 


* See Fig. 45o. t See Fig. 456. t See Fig. 45c. 

§ Past President of the American Society of Civil Engineers. 
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either segmental or cylindrical rolling bearings for girders from 70' up and for short 
truss spans. Details of this kind always cost much more relatively than the remainder 
of the structure. W hat 1 have been trying to obtain all the time is a design which shall 
work acceptably and which at the same time will not increase the average unit cost for 
our structures.” 

Mr. Robinson's pedestal detail is so clearly explained as to need no 
illustration. It appears to be an excellent one. For small expansions 
and contractions it ought to serve its purpose admirably. 

Henry W. Hodge, Esq., C.E., in a late letter, wrote as follows: 

“W"e note that you also ask that we send you any “expedients” in design, which we 
have made use of, and wo would say that the main oxptHlient which we indulge in is in 
varying the length of panels, as is exhibited in our fixcnl spans in the St. Louis Bridge, 
and in the cantilever and draw span designs which we send herewith. We send you a 
print of the general stress sheet of the St. Louis Bridge, which will give you the varying 
panels, and we would also call at lent ion to the expedient which we have adopted of 
running the end lower laterals to the centre of the floor-beam and thus avoiding the 
complicated :lctail adjacent to the end shoes. 

“W’e also send you the general drawing and detail of the cantilever arm of the 
Chico Cantik'ver in M(»xir*o, and j’ou will note on this that we used a varying panel and 
a varying dei)th of low(»r chord in each panel, and we inserted the lateral plates between 
tlie outside of one chord and the inside of the other chord, thus taking up almost all 
the variation in depth of chords betwmi panels. Wo also hcTC used a half i)in-holc in 
the outer member of the lower chord and in the vertical posts to facilitate erection; 
and this drawing also shows an expedient of ours in making latticc'd laterals of an odd 
number of panels on one meinlxT, and an even number on this other, so that the lattice 
bars pass through each oth(»r at the central intersection and do aw^ay with the large 
and ugly looking batten plates so generally used on such laterals. 

“We are also scniding you drawings showing a vertical gate at the end of draw spans, 
which we have use<l for the State of Connecticut, owing to the fact that we wished some- 
thing that would prevent trolley cars. and automobiles moving at high speed from 
going into the opening. Wci have nevcT seen anythi’ng exactly like this, hence we be- 
lieve it to be new; and it certainly works most satisfactorily. Some photographs of this 
gate recently app(*arcd in the Engineering Record.* 

“We are also sending you a blue-print of the draw span w’hich we are building at 
Troy, which shows a type of highway floor that we have adoptwl jus standard, and which 
we find saves a grejit amount of metal. . We place the floor-beams at roguhir intervals 
(in the neighborhood of 10') rcgardlc\ss of the pjinel points; in fact, we try to make this 
arrangement so as to avoid the panel points and thus do awjiy with complications in 
connections, liy this mejins we get all flfK)r-bejims c»xjictly alike. The stringers Jire 
in such short lengths that th(?y can be made extremely light and of rolled sections, and 
we find that the amount Jidded to make a stiff lower chord still leaves the total weight 
of the floor very much below that of a floor comjwsed of long stringers with short cross 
beams to hold the flooring. Wc gencTally use a reinforccnl concrete slab floor, but on 
this draw span wo have uscfl 5” plank to save weight. While, of course, on a draw span 
we would require Ji stiff chord in any event, we use this same type of chord for fixed spjins 
with a very cjonsiflerable saving. 

“You will also note that in the top laterals of this span we make a considerable 
sjiving in weight by running a central longitudinal strut and using single jingle di- 
agonals, thus avoiding the deep latticed laterals which would otherwise be required 
for rigidity.” 


Sec the issue of September 19, 1914. 
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Mr. Hodge’s expedient ol vaprying the panel length with the depth 
of truss is a good one, as it adds to the appearance of the structure. It 



Fio. 45o. Details of Expansion Joint in the Lateral System at the End of the Suspended 

Span of the Thebes Bridge. 

would have been adopted by the author long ago had it not been for the 
opposition of the bridge shops. In the opinion of almost everybody 
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connected in any waj' with the manufacture of structural steel, it has 
been rank heresy for anyone to think for an instant of varying the panel 
length, excepting only at the ends of skew spans, the objection being the 
lack of duplication involved; and the shops have had such influence on 
the bridge engineers as to kcei> them in line on this question until Mr. 



Fig. 456. Details of the Bottom Chord Joint at the Piers of the Tliebes Bridge. 

• 

Hodge had the courage to break away from the established precedent. 
The practically i)arallcl diagonals of the trusses in the long spans of the 
St. Louis Free Bridge certainly add greatly to the appearance of the 
structure. 

Mr. Hodge’s detail for connection of end low'er laterals is a good one. 
When hearing about it for the first time, one might be inclined to think 
that it involves weakness by putting bending iiKjment on the end floor- 
beams; but such is not the case, for the bringing toge'ther of the two 
end laterals gives them the function of end chord members of the horizontal 
lateral truss, thus cutting out the end panels of the bottom chords from 
aiding to form the said truss. The gn^at advantage of this detail, as 
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pointed out by Mr. Hodge, is the avoidance of complicated (h'tailing 
adjacent to the end shoes. 

Mr. Hodge’s expedient of varying the depths of the compression 
chords in the Chico (cantilever works very well with a pin-conncctcnl 
structure, but it would not apply so nicejy to a riveted one. The same 
remark applies, of course, to his half-hole expedient, which necessarily 
is confined to pin-connected construction. 

The expedient of having an odd number of lattice panels in one of 
two intersecting lateral diagonals and an even number in the other, thus 
cutting out entirely the stay plates at the crossing of the struts by letting 
one pair of lattice bars or lattice angles intersect at the panel point of 
the system of latticing in the other diagonal, is certainly excellent. It 
should be adopted universally; for it is a money saver under all con- 
ditions. One should make sure, though, that the splice plates for the 
cut strut are large enough to develop the full strength of the strut in either 
tension or compression. 

The tyi)e of floor system for the Troy Bridge is all right whenever it 
shows an economy of metal; but it is possible that the old standard type 
might prove the more economical under certain conditions. As far as 
excellence goes, there is nothing to choose from between the two types, 
the question at issue being simply one of cost. 

The author docs not like Mr. Hodgcj’s last expedient, for it utilizes 
single angle irons in tension. He has himself employed the central longi- 
tudinal strut, in some cases continuous from end to end of the lateral 
system and in others broken, in order to stiffen and reduce the sections 
of the transverse struts, but has adopted either two angles laced or four 
angles in the form of an I with lacing or latticing for the lateral diagonals. 

The strengthening of an did Jjridge by putting in a middle truss, as in 
the Niagara and Poughkeepsie Cantilever bridges, is an expedient worthy 
of notice. Descriptions of these two pieces of work Avill be found in the 
files of the technical press. 

In Engineering News of August 15, 1907, there is illustrated a most 
peculiar expedient, viz., the building of trusses curved in plan so as to 
avoid obstructing traffic on the quay beneath. In the author’s opinion, 
the expedient was not a legitimate one; for, as pony trusses were used, 
and as the extent of the influence of / over r on that kind of a truss, even 
wlicn on tangent, is quite problematical, it ap])ears like an unnecessary 
assumption of serious risk to aggravate the condition by curving the top 
chord, especially as the latter seems from the illustrations to be none 
too adequately stillcned, what side bracing there is being entirely on the 
inside. The structure referred to is the Austerlitz Bridge over the Seine 
in Paris. The mathematical study of the stresses in this peculiar type 
of structure was made by the famous French Engineer, Monsieur Jean 
Kdsal, Chief Engineer of Fonts et Chausseesj hence it is not at all likely 
that any mistake has been made in the computations; nevertheless an 
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American bridge specialist vvh(*n looking for the first time at either the 
picture in Engineering Nem or the actual structure itself can hardly 
help feeling that he himself has been, given an actual torsional wrench. 

An expedient was employed many years ago by the late C. Shaler 
Smith in the Lachine Bridge, a single-track railway structure over the 
St. Lawrence River near Montreal, by which the main span was con- 
structed as a cantilever for the dead load and after connection at the 
middle was used as a continuous girder for the live load. The method, 
while novel, was not altogether satisfactory, mainly, perhaps, because 



Fio. 45c. Lowering a Caisson from Barges on the Broadway Bridge over the Willamette 

River, at Portland, Ore. 


continuous girders cannot be classed as truly scientific construction; and 
the experiment has not since been repeated. However, the bridge did 
its work satisfactorily for more than two decades, and has only lately 
been removed so as to make room for a double-track structure. 

The Union Bridge and Construction Company when erecting a swing 
bridge over the Atchafalaya River, where the water was very deep and 
the current quite swift, employed a neat expedient by setting up the 
turntable on the pivot pier, erecting thereon the tower, and cantilcvering 
out the trusses, one panel at a time. As the erection was done from a 
single large barge anchored in the stream, it was necessary to rotate the 
partially completed superstructure after unbalancing it by a single panel 
length of steel. In this way it was obligatory to swing the work one 
hundred and eighty degrees after the erection of each two panels. The 
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scheme worked to perfection, and the span was completed quickly and 
without giving any trouble, the barge being moved laterally by the anchor 
cables as the arms were lengthened. 

In Engineering News of May 12, 1904, there is described and illus- 
trated a novel expedient for a skew crossing of a canal by running the 
track through a panel of a truss and depending upon the strength and 
stiffness of the chord to compensate for the missing diagonal. While 
the result was apparently satisfactory, the policy of the scheme is doubt- 
ful, because a better solution of the problem could have been obtained 
by the expenditure of more money. It appears, though, that the extra 
money was not available. 

In Engineering Record^ Vol. 53, p. 712, there is described a temporary 
wooden drawbridge over the Chicago River, one end being pivoted and 
the other resting on a scow, which was moved in tlie arc of a circle to open 
the draw. A somewhat similar idea is described in Engineering News, 
Vol. 50, p. 372. It consists of a draw span pivoted at one end and sup- 
ported at the other by a bent resting on rollers running on a curved rail 
in the bed of the canal, the operation being effected by electric motors. 

In Engineering News, Vol. 28, p. 441, there is a description of an in- 
genious way of saving a little money in the construction of a swing span 
by cantilevering out the ends of the approach spans so as to cheapen the 
piers, but the author is of the opinion that in most cases the cost of caring 
for the reversing stresses in the two anchor spans would more than offset 
the saving in the substructure, unless the pitch of the bed-rock on both 
sides toward tlie centre Avere unusually abrupt — a very rare condition. 
Another type of bridge, for instance a vertical lift, would have solved the 
problem much better. 

The expedients which folI(^v are some that have been evolved by the 
author. 

In the design of the temporary bridge across the Missouri River at 
Kast Omaha, as mentioned in another chapter, the layout Avas made on 
a skcAV of eleven degrees so that later, Avhen the remainder of the perma- 
nent construction Avas being built, all the neAV piers could be put in and 
all the new spans could be erected Avithout stopping traffic at all on the 
old structure, of Avhich only the pivot pier and the swing span AA^ere of 
permanent construction. Ten years afterward it all Avorked out as it had 
been arranged for in the beginning. 

Another expedient in that structure was, for the sake of economy, to 
omit temporarily the cantilever brackets for the wagonAways and foot- 
walks and to place a single track at the middle of the bridge and operate 
it and the highway traffic on the same space until business conditions 
should demand a better arrangement. 

The method described in Chapter XLI for righting two of the piers 
of the permanent construction of the East Omaha Bridge by means of 
wire ropes with a toggle between was an expedient of value. The author 
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employed it again a few years afterward for righting the east rest pier of 
the Sioux. City Bridge, which had been moved out of plumb by a land 
slide that was caused by the piling of a great mass of rock on the bank 
just under the approach. 

The patented arrangement, mentioned elsewhere herein, for building 
long span bridges at first for single-track, and later by duplicating the 
trusses alongside and putting in extra lines of stringers to provide for 
carrying a double-track, is an expedient that, under certain conditions, it 
may prove advisable to adopt, as it might save the interest over a long 
term of years on thirty or more per cent of the first cost of constructing 
a double-track bridge. 

The design described in Chapter XL for building a crib and caisson 
so that it may be sunk part w'ay by the pneumatic process and the re- 
mainder by open dredging is an expedient that ought to bo very useful 
in bridging near their mouths some of the rivers that discharge through 
delta lands into the Gulf of Mexico, and for crossings at other places 
where similar conditions exist. 

In order to anticipate the possibility of a sliding of the banks into 
the channel of tlic river and thus overturning or otherwise disturbing the 
piers of a certain single-track railway bridge, the author designed each 
of the shore piers as a single cylinder large enough to accommodate the 
shoes of the trusses, and made the bases of all the channel piers octagonal 
with the noses of the octagon pointing longitudinally with the bridge so 
as to cut into the loose sliding earth and turn it aside. lie counted upon 
carrying the piers ])y open dredging some one hundred and forty feet 
or more below water, well into a layer of coarse sand that underlay the 
softer material. His plan was rejected after bids were called for because 
of its claimed high cost, and ordinary pneumatic piers of .timber con- 
struction with their long sides up-and-down stream were built and carried 
down to the safe working limit for compressed air, viz., about one hun- 
dred and ten feet b«'low the water level, which was then at or near its 
extreme height. In spite of vigorous protests by the author, both verbal 
and written, this policy was adhered to with the result that the antici- 
pated slide occurred l)efore the bridge waji completed, and one pier was 
toppled over to such an (jxtent that it could not be righted. The result 
vras a far greater expenditure of money than would have been necessary 
to build the substructure properly and safely according to the author's 
design. This case has been mentioned a second time in order to call 
attention to the expedient of designing so as to prepare for the contin- 
gency of a great lateral earth slide*. 

At the time it was built, the spread span of the New Westminster 
Bridge over the Fraser River, shown in Fig. 45d, was an expedient, al- 
though today it may be considered standard practice, as the idea has 
been adopted on several important constructions. 

The method of semi-cantilevering evolved by the author, as described 
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in Chapter XXV, was at the time an expedient; l)ut it also has since 
become standard practice. 

The method of anchoring a large, light swing span to its pivot pier 
by means of a long bolt of great diameter running down into the masonry, 
as described in Chapter XXIV, is an expedient that ought to bo adopted 



Fig. 45<i. Spmid Span of the* Now W'ostmiiistor Brid^o ovor the Fraser River in 

British Columbia. 


wherever the conditions demy,nd the protection that such an anchorage 
would afford. • 

In the building of the new Cfranville Street Bridge at Vancouver, 
British ("olumbia, alongside of the old oiu*, which was at a considerably 
lower level, the two structures were so close together that it was necessary 
to cantilever one arm of the new sw’ing span over the space occupied by 
one end of the old draw when it was being rotat(*d -an ox])(*dient that 
worked quite satisfactorily. 

In designing the scheme for the erection of the City A\"aterway Bridge 
at Tacoma, Wasliington, on the same line as that of tlie old bridge, but 
somewhat higher, it w^as necessary to maintain trafTic. The author ac- 
complished this by building a wooden trestle on the right-hand side of 
the city end and on the left hand side at the other end, carrying both 
trestles a little way out into the navigable channel and turning the swing 
span at a skew so as to connect with the two ends. As the new movable 
span was to be a vertical lift (sec Figs. 31a and 31o) and a little shorter 
than the old swing, there was room to put in the new piers for the lift 
span close in front of the old rest piers of the swing. The old approaches 
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were then removed and the new ones were built, after which the lift span 
was constructed aloft on cantilevered falsework tied back to the finished 
construction; then the falsework was removed, the swing span was floated 
off, the lift was lowered for traffic, and the old piers were taken out. 

In a design for a vertical lift bridge to cross the Second Narrows at 
Vancouver, British Columbia, in order to carry across it the pipes for the 
city’s water supply, the author evolved an expedient for supporting them 
at a considerably lower level than the top of the towers, near which they 
ordinarily would have to go. The proposed structure was designed for a 
double-track railway between the trusses to carry both steam and electric 
trains and a roadway and footwalk on each side cantilevered beyond th(^ 
trusses. He took advantage of this fact by building two shallow, narrow 
spans to carry the pipes inside and arranged to support them on brackets 
cantilevered out from the front vertical posts of the tower and braced back 
diagonally to the rear inclined columns thereof. The movable span at 
its highest possible position brought the sidewalk flooring within a foot 
of the pipe girders, the trusses of the said span passing through the reev 
tangular space left between the opposite pipe-supporting spans. 

In Bridge No. 9 of the Canadian Northern Pacific Railway across the 
Thompson River, the water was quite deep and the current swift at the 
narrow part of the stream, over which it was arranged to build a single 
through span. As the bottom was covered with large boulders, the au- 
thor feared that it would be impracticable for the contractor to build, 
without going to unduly great expense, falsework that would withstand 
the current; consequently, in preparing the bidding specifi(*ations he sug- 
gested a means for erection that is worthy to bo (rlassod as an expedient. 
It was to build falsework out from each shore as far as practicable and 
to place in the intervening space three barges headed up-and-down stream 
and effectively braced together horizonvally at their tops and carrying 
timber falsework braced substantially in vertical planes, and anchoring 
the combination diagonally by adjustable cabl(\s both above and below 
so that it could be kept in correct position at all times, even should the 
elevation of the water vary a foot or two, which was more than would 
be likely to occur during the erection season. The decks of the barges 
were to be a little higher above the water than would suffice to put the 
erected span at its final elevation. The erection was to be done by start- 
ing at mid-span and working at a uniform rate of progress in both direc- 
tions, cantilevering the ends beyond the barge, and letting water into 
the latter to permit the completed metalwork to come to final position. 
As it turned out, however, the contractor was abh; to drive piles between 
the bouldeis and to maintain his falsework without going to as much 
expense as the flotation method would have involved. 

The proposed cantilever bridge to cross the entrance channel to Havana 
Harbor, illustrated in Fig. 52a, contains several expedients worthy of men- 
tion, notably the spiral approach which the author evolved so as to at- 
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tain the required elevation in a very limited space. As far as he knows, 
this is the first occasion that the idea has been suggested for bridge con- 
struction. Again, the placing of a large amusement building or casino 
above the spiral stairway so as to make it the most popular resort in 
Havana may properly be termed an expedient, for it will utilize at com- 
paratively small expense space that might otherwise have been wasted, 
the extra cost of the pedestals and columns for carrying the building 
being comparatively small. The suspension detail adopted for this bridge 
and which was described in Chapter XXV as having been evolved by the 
author for the new Quebec Bridge is still an expedient, for it has not yet 
been actually employed in construction. The hoisting of the suspended 
span by four wire ropes from barges to a height of nearly two hundred 
feet clear above the water as projected by the author is also an expedient. 
But the most unique expedient of them all in this proposed construction 
is the designing of the metalwork in such a way that, if it be knocked 
down by gun-fire from an enemy’s fleet or by dynamiting, it will not en- 
tirely block the navigation of the harbor by its fall. It was necessary 
for the author to do this in order to overcome the opposition of both 
the War and the Navy Departments at Wiishiiigton to the project. How 
this result was a(!complished can be ’inderstood by a study of Fig. 45e, 
which shows what would occur were the superstructure cut at different 
places. This plan was accepted by the General Board of the Navy and 
by a special board of three Army Engineers appointed by the Secretary 
of War to investigate the matter. A curious piece of information was 
obtained during this investigation, wdiich may be worthy of record. One 
of the members of the Army Board asked whether the shock resulting 
from the striking of the cut end of the suspended span against the bed 
of the channel would not cause such a' great reaction at the support as 
to break the metal there anS kt the span fall entirely. The author as- 
sured the Board that it would not; and in order to prove the correctness 
of his claim, he retained his brother-in-law, A. McL. Hawks, Esq., C.E., 
to make some experiments by dropping one end of a cast iron bar sus- 
pended at the other end from a large spring scale, and recording the 
readings of the scale, the ratio of length of bar to fall being the same as 
that of the length of span tfl its height above the channel bed. Much 
to the surprise of all those interested in making the experiment, the read- 
ing reduced immediately to nearly zero and then went for an instant 
to nearly the total weight of the beam and finally to about one half of the 
said weight. The apparatus was crude and the readings were not well re- 
(jorded; but the experiment wjis repeated a number of times with approxi- 
mately the same results. Had the apparatus been perfect, it is likely 
that it would have shown a zero reading during the fall, one of double 
the static reading of the suspended beam immediately after the shock, 
and that found by applying the law of the lever after the bar had come 
to rest. Based upon this experiment, the author reported to both Boards 
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that the worst possible result of the shock would bo to double the dead 
load reaction at the support, making it about the same as the greatest 
reaction there from combined dead load, live load, and impact, and show- 
ing conclusively that the effect of the jar could not possibly bring down 
the other end of the span. Meanwhile, however, the Army Board had 
reported favorably on the author’s plan submitted, having accepted his 
assurance that the support would carry safely the dead load under the 
most adverse circumstances; but the confirmation offered by the experi- 
ment was most satisfactory to all concerned. 

The author’s latest expedient is one evolved in connection with the 
Ohio Avenue Bridge over the Kaw lliver in Kansas City, Kans., which 



Fig. 45/. Simple Span Bridge Converted into a Cantilever Structure. 

structure was most unjustly condemned by the Drainage Board as being an 
obstruction to the flow of the current. It consists of three riveted spans, 
one of which was previously described herein and illustratiul partially in 
Fig. l/i. These spans arc in excellent condition; but, owing to strong 
pressure brought to bear on the railroad company by numerous business 
patrons who have been indiit'cd to ])clieve in the erroneous statc^ments 
of the Drainagii Board, that company has agreed to remove and possibly 
to replace its structure. To do this to best advantage? the author sug- 
gested the utilization of all three of the old sjians by converting the bridge 
into a cantilever structure, as shown in Fig. 45/, lengthening it from six 
hundred feet to eight hundred and forty-four feet in order to conform 
to the increased width of river established by the Drainage Board and to 
the increased skew, the existing structure crossing at an angle of about 
twenty degrees and the new one at about twenty-seven degrees. The 
increase was adopted in order that the sharpest allowable curve (fifteen 
degrees) on the west embankment might not encroach on the right-of-way 
of another railroad. The tops of the main posts of the cantilever aims 
are to be tied back to the end pins of the anchor aims by means of eye- 
bars; and suitable anchorages will have to be built to take care of the 
uplifts that these backstays produce. The only members of the anchor 
arms that will have to be modified to meet the new conditions of stri'ss 
are the bottom chords, which will have to take compression from end to 
end, and also, in certain panels, alternating compression and tension. 
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The author had figured on employing Mayarf steel, or some other 
alloy of like capacity, for the principal members of the cantilever arms 
in order to reduce the uplifts as much as practicable, and the same alloy 
in the new members of the bottom chords of the anchor arms so as to 
avoid the adoption of unduly large sectional areas. The excess price 
quoted for the finished Mayarf steel work was only eight-tenths of a cent 
per pound as compareil with carbon steelwork. The estimated cost of 
the repaired bridge is about sixty per cent of that of a new structure of 
the same carrying capacity. 

Addendum 

After the plans for this reconstruction were partially completed, it 
was found necessary to abandon the scheme, because of excessively high 
property damages that were claimed by the land owners whose holdings 
would have been crossed by the new line. 
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DATA REQUIRED FOR DESIGNING BRIDGES, TRESTLES, AND VIADUCT^ 

The importance of a thorough preliminary study of all the condi- 
tions that can possibly affect the designing of a structure cannot well 
be over-estimated. Too often designs are made from insufficient data, 
with the result that changes in plans become necessary as the work pro- 
gresses; and such changes are very expensive in many ways. 

First. They cause delay — and time is money. 

Second. They involve the discarding of work already done, and that 
work costs money. 

Third. Modifications in construction are costly, per sc, for remodel- 
ing is slow and expensive work. 

Fourth. Notwithstanding the fact that the specifications and con- 
tract usually provide for the contingency of making changes and deter- 
mine upon a method of payment for them, nevertheless it is true that 
alterations of every kind are nearly always a source of unusually large 
profit to the contractor. One reason for this is that changes are a legit- 
imate excuse for delay, and as the company is generally in a hurry for 
its structure the contractor has to be persuaded to make special effort 
to hasten completion. The most common means of persuasion is offering 
additional compensation. 

Fifth. The making of inyiortant changes in the plans is a good and 
sufficient reason for either o.xtejiding the time set for completion or for 
cancelling entirely the clause in the contract relating to that subject. 
In dealing with the contractor concerning modifications in plans and 
construction, it is always best to have made and signed a supplementary 
contract covering in detail not only the changes themselves but also the 
extent to which they shall affect the time of completion of structure. 

Sixth. But, worst of all, h is held by many lawyers that any funda- 
mental change in the work will render the bond null and void; conse- 
quently, if this view be correct, in case that the contractor throws up 
the contract the company will have no redresf?, but will have to take 
his plant, pay all of his outstanding bills for labor and materials, and 
complete the construction by either administration or the letting of a new 
contract. In effecting a final settlement with the contractor by legal 
process the fact that changes in the construction were made by the com- 
pany will generally militate heavily against the latter, especially if the 
trial be by jury— that relic of barbarism which enlightened nations seem 
unable to cast aside. 
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In view of all these objections to changes being made in plans after 
the contract is let, is it not evident that any money spent legitimately 
upon the preliminary investigations is money well expended? Neverthe- 
less, one of the most difficult tasks that the consulting engineer encounters 
is the persuading of his clients to provide the necessary money for such 
preliminary investigations. Under ordinary conditions one should be able 
to prove convincingly the necessity of making suflicient borings to deter- 
mine beyond the peradventure of a doubt the location of bed-rock and 
the character of the overlying soil, or the desirability of surveys or other 
investigations to find the greatest volume of water that will pass the 
cross-section in a given time; but when it comes to unusual conditions, 
such as the inception of work of a novel character, it is hard to persuade 
the promoter that it is advisable to spend money to learn how best to 
design and construct the work, for he thinks that the engineer ought to 
know such things without investigating; and it is not unusual for a pro- 
moter to remark to the consulting engineer, “I am paying you a big fee 
for your special knowledge, and, in addition, you w^ant mo to spend a lot 
of money to teach you things that you ought to know but don't.” On 
one occasion the author nearly lost the engineering on some four million 
dollars’ worth of elevated railroad work by requesting permission from 
the President to spend three or four thousand dollars on some special 
studies and estimates. The result of the expenditure, however, was the 
immediate saving of more than one hundred and fifty thousand dollars. 

In order to facilitate the professional work of his firm the author some 
years ago prepared a little pamphh't for distribution to clients and to 
those who reciuest information concerning the cost of bridges. It is 
entitled “List of Data Required for the Proper Designing of Railroad 
Bridges and Trestles,” and is reproduc^'d 'hen^ verbatim^ including the; 
prefatory remarks. 

*‘The following lists of data required to make the best and mast economic designs 
for railway bridges and other structures have bwn preparetl by us to submit to our 
clients in various countries, spaces being left for writing in the information. For any 
particular crossing, of course, it is not neee.ssary to collect all the data called for on the 
list; but the more preliminary information concerning the conditions that is secured, the 
more perfect and economical will be the dt'sign made. 

'‘The objection is sometimes raised that the collection of so much information is 
expensive. It certainly is; nevertheless it is in every way compatible with true economy. 

“The collection of the data can either be done by the railroad company through its 
engineers, or it can be entrusted entirely to the bridge specialist who is to prepare the 
plans and specifications. For large bridges and for a group of small ones it is best to let 
the specialist do this preliminary work; but for a small bridge or two only, it will generally 
be advisable on the score of economy to have the railroad engineers collect the data. 

« BRIDGES 

“1st. d’rofile of crossing on which should be located the following; (Elevations can be 
written in below, calling the elevation of base of rail at mid-length one thousand.) 
a. High water mark (extreme) 
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b. Low w'ater mark (extreme) 


c. Bottom of channel or mud line 


d. Iknl-rock, if any, with overlying strata. (D*«cribe fully the soil, and give 
approximately its bearing capacity) 


e. Grade line on structure, i. e., the elevations of base of rail. If structure 
is to be on curve, indicate the compensation, if any 


f. Kinds of approaches, whether f)f steel viaduct, earth embankment, or 
timbcT trcjstle 


Profile should be made to scale, and the scale of drawing should be indi- 
cated thereon. 

2nd. Any restrictions that there may be concerning the following: 

a. Location of piers 


b. Lengths of spans 


c. Overlu'ad clearance laMieath structure 


d. Shore protection 


c. G'hannel booms or guid^ 


Clearance bidwccn trusses, number of tracks structure is to carry, distance 
from centre to c(»ntre of same, and gauge of railroad 


Vertical clearance? above base of rail, also horizontal cl(*arances nc'ar the deck. . . 


6th. Style of floor, whe'ther of timber tic's, ballast, or solid steel. Is the structure to 
provide for highway traffic; and, if so, of what kinds? How many lines of 
stringers per track are to be aelopted? Make sketch of floor, and give sc'ctions, 
locations, and heights of track rails aial guanl rails. State whethcT snow 
plows arc used on the road. Is the floor timber to be crcjosotcd or otherwise 
treated? 
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7th. Live loads for spans. 

a. Maximum weight of engine and tender; make sketeh showing wheel 
spacing and loiid on each axle, or else adopt some standard loading. 


b. Maximum weight of cars fully loaded and wheel base of tlie same; also 
weight per foot of loaded cars 


c. Highway live loads, if any. (Preferably adopt one or more of those 
given in some standard specification) 


8th. State whether stream is navigable, and, if so, what clear height will be required 
beneath structure; also what clear distaii(!es will be required between piers? 


9th. Is stream subject to sudden rises and mpid currents, and at what seasons of the 
year? 


10th. Does stream carry much drift? 


11th. Is there any danger of the channel changing? State fully the liability to scour . . . 


12th. State the cost in U. S. gold dollars of the following delivered at bridge site: 

a. Portland cement, per bbl 


b. Broken stone and gravel, per cu. yd 


c. First-cliuss mjusonry stone, per cu. yd. I . . . 

d. Sand (clean, sharp, and coarse), per cu. yd 


e. Transferring steel work from cars or vessel to bridge site, per lb 


f. Timber for flooring, per M. ft. B. M 


g. Timber for falsework, per M. ft. B. M. 


h. Piles for falsework, per lin. ft 


i. Labor per day 


j. Treatment of timber, per M. ft. B. M 

13th. Map showing location of bridge, including stream for at least half a mile each 
way from bridge site. (For unimportant streams and those not navigable this 
will not be required.) Give scale of map 
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14th. Is structure on tangent or curve? If on curve, give degree of curvature, or 
angles of skew, and show same on map. Is curve to be cased? Show beginning 
and end of curve 


15th. Is structure square or on a skew? If the latter, give angle of skew and make a 

sketch 

16th. Area drained by opening, if it has been measured or estimated, together 'with 
such a description of the watershed as will enable one to determine what con- 
stants to use in the forinulse for flow. Instead of this may be given the measured 
or estimated cross-section and velocities of stream at high water 


17th. When the stream is navigable and a low bridge is reciiiircd, some style of movable 
span must be uscrl; hence, to aid in selecting the proper type of structure, 
please answer the following: 

a. Will a centre pivot pier be permissible, and, if so, what clesiranoes will be 
required between it and the two end piers? 


b. If a centre i)ivot pier cannot be used, what clear waterway will be re- 
quired between end pitTs of lift-bridge, measuring at right angles to the 
direction of the channel? 


C. What clear height will be required beneath structure for the passage of 
vessels? 


d. State minimum time in which it will be necessary to open draw span or 

raise lift span to full height : 

■» 

e. Will electricity for opemting the span be obtainable from any existing 

plants at a reasonable price? 


f. About what would be the probable maximum number of times the span 
w'ould have to be openeil or raised in 24 hours? 


g. Dock linos should bo^ indicated clearly on both the plan and the profile, 
also the exact angles they make with the centre line of bridge and with 
the centre lino of clear channel required 


18th. Any other data not herein mentioned, which may prove useful in making the 
design 
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“STEEL RAILWAY TRESTLES. VIADUCTS. AND ELEVATED RAILROADS 

Ist. Profile on centre line of structure, on which should be indicated the following: 
(Elevations can be written in below, calling the elevation of base of rail at mid- 
length one thousand.) 

a. Ground line 


b. Bed-rock, if any, with overlying strata. (Describe fully the soil and 
give approximately its bearing capacity) 


c. Grade line on structure or rc^ciuircHl elevations of base of rail. If struc- 
ture is to be on curve, indicate the compensation, if any 


d. Kinds of ap])roaehes 


c. Cross-sections of ground every 30 fe(‘t or 40 feet, extending at l(»ast 30 
feet on each sidi* of centre line of structure, and, on irn'gular ground, a 
contour map with horizontal .sections from two (2) to five (5) feet apart 
vertically 


f. High water mark, if any 


Profile should be made to scale, and the scahi of drawing should be indicated 
thereon. 

2nd. Any restrictions that there may be concerning the following: 

a. Location of pede.stals and abutments 


b. Lengths of spans 


c. Overhead clearance beneath structure 


d. May longitudinal bracing be us(h1, and, if so, with what r(»st rictions? 

'I 

e. Is it permissible to carry the transverse .sway-bracing to the ground, or 
must an unobstructed space be left longitudinally bcjneath the structure? 


3d. Number and .spacing of tracks and gauge of railroad. State whether structure 
is to carry also highw’ay traffic, and, if so, what kinds 


4th. Style of floor, whether of timber, reinforced concrete, buckled plate, or asphal- 
tum and concrete on buckled plate. Make sk(;tch of floor 


oth. Width.s of .sidewalks, if any be requiri*'l 
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6th. I.ivo load. (Sco Bridges.) 

7th. State fully the co.st in V. S. gold dollui*s of the following at site: (See Bridges.) 

8th. Plan of (;rossing showing degrees of curvature, if any, angles of skew’, eascment.s, 
points of curve, etc. 

9th. If in a city or town, show streets, alleys, building lines, curbs, etc., crossed or 
affected in any w’ay by the structure; and show where columns are to be located, 
w'hethcr in street or on sidewalks near curbs, giving exact locations for all special 
eases 


10th. If any tracks or other obstacles arc to be spanned, locate them exactly and give 
clearances requircil, both vertical and horizontal 


11th. Indicate on profile and plan W'herc steel trestle is to begin and end 


12th. Any other data not herein mentioned, w’hich may prove useful in making the 
design’^ 


Captious readers of this chapter may make the comment that the 
preceding lists arc altog(»ther too detailed for the purpose of designing 
bridges, for while such minor hnjtters as the cost of cement, sand, gravel, 
stone, hauling, etc., would certainly affect the total cost of a structure, 
they cannot influence its design. To such readers the author would 
state that in certain cases even such a small thing as the cost per barrel 
of cement at site would change the layout of spans from that which would 
ordinarily be adopted. For instance, in one of his bridges the cement 
at site was worth eighteen dollars per barrel. Is it not evident that for 
such a location the quantity of concrete used should be reduced to a 
minimum and that cut stone masonry should be adopted instead? Again, 
in building bridges in mountainous districts, the metal work for the super- 
structure has sometimes had to be carried or dragged from the railroad 
or seaport by burros. Would not this circumstance affect greatly the 
designing of the individual members of the superstructure? In collect- 
ing data for the designing of bridges no condition is too trivial or too 
unimportant to be worthy of noting, and the important conditions should 
always be investigated with the utmost thoroughness, regardless of how 
much the investigation may cost. 
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LOCATING OF BBIDGES AND FBELIMINABY SDBVETS 

Fob small bridges and culverts, the location is determined by the align* 
ment of the road. Usually this is fixed by conditions which are beyond 
the influence of the needs of the smaller crossings; and hence it governs 
their location largely, if not entirely. But where the crossing is of suf- 
ficient magnitude and importance to influence the location of the line, 
a careful study of the physical conditions by a reconnaissance covering 
a number of possible sites should be made, in order to secure the best 
and most economical crossing possible. That layout should be selected 
which is the best in respect to the following particulars: 

1. Permanency of channel. 

2. Narrowness of channel. 

3. Large average depth of water relative to the maximum depth. 

4. Straight reach of river for several miles, especially if draw-spans 
are contemplated in the layout. 

6. Freedom from islands or other obstructions that might disturb or 
deflect the current. 

6. Remoteness from sharp bends. 

7. Presence of high banks. 

8. Possibility of crossing at right angles to axis of stream. 

9. Absence of curves in both approaches to the bridge or upon the 
structure itself. 

10. Absence of sag in grade on structure. 

11. Economy, which involves the following considerations, in addition 
to those already given, 

a. Depths of pier foundations. 

b. Materials to bo excavated for substructure. 

c. Quality of the foundation material. 

d. Force of current during high water. 

e. Height of piers. 

/. Cost of protection work and of its maintenance. 

One of the most important features affecting the layout of a bridge 
is the permanency of chaimel. With a shifting channel a longer bridge 
must be provided to meet the vagaries of the river, and sometimes it is 
necessary to construct two draw spans in order to meet navigation re- 
quirements. Examples of this case are the author’s bridges over the 
Missouri River at Sioux City and East Omaha. A better appreciation 
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of the conditions which promote permanency of channel will follow from 
the study of the general action of rivers. This is essentially a considera- 
tion of the continuous readjustment between two contending factors in an 
effort to bring about an equilibrium — the water seeking a lower level 
and the resistance set up by the soil tending to retard its motion. A 
river receives the run-off from a definite, fixed drainage basin. This 
run-off in seeking a lower level follows the line of steepest declivity, and 
usually sets up such a velocity that scour results. The softer the material 
forming the channel, the more readily will scour occur. This scouring 
action forms bends in the channel which become accentuated until suf- 
ficient additional length has been introduced to decrease the slope to such 
an extent that the resulting velocity will no longer produce scour. The 
stream has then attained, for the time being, a condition of equilibrium 
or fixed regimen for a particular rate of discharge during which neither 
scouring nor silting takes place. It has been found from observations 
made on the rivers of India that for any section of channel and character 
of silt the critical velocity (at which neither scouring nor silting takes 
place) depends upon the depth and is given by the equation, 

Vs = 

where Va = the critical velocity in feet per second, 
d = depth of channel in feet, 
and m = a coefficient having values as follows: 


Light sandy silt 0.82 

Coarser but light sandy silt 0.90 

Sandy loam 0.99 


Coarse silt, such as debris of hard soils 1.07 

But the run-off from the^oa^^chment area varies from time to time 
and a new velocity is produced, disturbing the pre-existing regimen; and 
then scouring or silting results until another approach is made toward 
equilibrium. The river, as a matter of fact, is in a constant state of re- 
adjustment, oscillating back and forth between a preponderance of scour- 
ing and of silting. It is tnie that these two actions go on simultaneously 
in different parts of the river,* owing to whirls and cross currents. For 
example, the concave sides of the bends are being eroded, while the con- 
vex sides arc being filled. Unless the banks of the stream are sufficiently 
stable to resist this scouring action, no permanency of channel can bo 
expected without resorting to protection. In case of rivers the channels 
of which lie in flood plains of alluvial deposits flanked hy bluffs of hard 
and more stable formations, such as the Missouri for example, the ten- 
dency is for the stream to oscillate from bluff to bluff, forming a series 
of bends, which exhibit a general, progressive shifting of channel location 
down the valley. Without protection works sufficient to fix the channel, 
it is a foregone conclusion that any bridge location on such a stream will 
sooner or later be menaced by this progressive down-stream movement. 
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With this brief exposition of general conditions affecting permanency, 
there will now be considered what specific things indicate a relative stabil- 
ity of channel. Hard bottom underlying the silt, banks of gravel, and hard 
clay, shale, and limestone formations involve favorable conditions. Sec- 
tions having comparatively largo ratios of area to wetted perimeter are 
favorable for permanency. A straight reach of the river is an indication 
of relative stability, because the banks escape the direct impact of the 
current, and there is, in cons('(|uence, less danger of erosion. 

Having given proper weight to the relative p(»nnanency of the channel, 
the other conditions affecting the location of a bridge site are next to be 
considered. 

Narrowness of stream is an advantage, as a shorter bridge will be 
required. 

The benefit of a large average depth as (!ompared with the maximum 
depth is that such a condition involves a more; efficient discharge section 
and less liability to scour in flood time than will exist when the ratio 
of the said dei)ths is small. 

When draw-spans are conUanplated, a straight rc'ach of the river is 
necessary so as to ])rovi(le sufficic^nt room for permitting a boat and its 
tow to straight (*u out and to direct th('ms(*lv(*s squan^ly toward thi‘ chaniK'l 
span before approaching daiigcTously near th(‘ bridge'. 

Freedom from obstructions in the stream, such as islands above tlic 
bridge site, is desiraljle, bec'ause such obstructions tleflect the current 
shoreward and increase the possibilities of an erosion that might permit 
the river to cut in behind the bridge. 

Remoteness from sharp bends, especially above the bridge site, is 
advantageous, because the erosive action of the current at siadi bends, 
receiving as they do the full impact of tfle water, is (^xc(?ssive. There 
is always in rivers with alluvial flood plains the danger that the current 
will cut in behind the bridge, unless effective protection work is installed. 
The si}iindness of this statenamt is well illustratc'd by the difficulty that 
has been experienced in protecting the railroad bridge across the Mis- 
souri River near J^lair, Nebraska. That structure is located about one 
mile below a sharp, right-angled b<md in the river, which bend, in turn, 
is only two miles down stream from a still sharper bend in the reverse 
direction. The river has repeatedly tried to cut across and has been 
prevented from so doing only by extensive bank i)rotectioii. An illus- 
trated description of this protection work is given in the Kmjiruterintj 
Record for March 2, 1912. Both Ixaids had to be revetted on tlui con- 
cave side to hold the river in check. Since 1882, when the bridgework 
was started, over $1,425,000 have been spent in protection for this struc- 
ture, an average of $44,530 per annum. 

The presence of high banks is desirable, as they reduce the cost of 
the approaches and also better confine thc^ floods to the main channel. 

It is always best to cross the stream as nearly at right angles as pos- 
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siblc. Any departure from a right-angled crossing means a longer bridge 
and also skewed spans and longer piers, all of which features involve in- 
(ireased expense. In most cas(\s, espe(;ially when the current is swift or 
the river is navigable, the piers should be set parallel to the direction of 
flow in the main channel, as they will then present less obstruction to 
the stream and to navigation, and as they will receive less pressure from 
the impinging water and will catch less drift. 

If possible, the bridge should be so located, or the line should be so 
shifted, that the structure will be approached on tangents and not on 
curves. This will afford the trainmen the opportunity to see if the track 
is clear before reaching the structure, and will reduce the danger of derail- 
ment thereon to a minimum. 

Another condition to be avoided is the location of a bridge at a sag 
in the grade, for such a sag would produce a change in direction of the 
moving mass as the train comes on, and would thus cause an increased 
load effect upon the structure. Also, it gives to the bridge an objection- 
able app('aranc(\ 

The restrictions previously given and otluTS established by the War 
Departm(*rit (s(h» (^haplcjr L) will affect the economy of the structure. 

In any event it will be necessary to determine the actual physical 
conditions by a preliminary survey. An alignment map and profile of 
the road for the crossing and for some distance on ea(!h side thereof should 
be obtained from the Railroad Company. If not obtainable, a prelim- 
inary survey should include the collection of that information. From 
such a map and profile it can readily be seen whether any modification 
in grade or alignment could advantageously be made. 

If such modifications in the road can be effected, a stadia survey of 
the stream meanders shouUl made, tying it in with the former bridge 
location and covering such a strefch of the river as a re(?oimaissancc shows 
to be desirable. This information when plotted in conjunction with the 
previous alignment will show whether a l)(»tter bridge site is obtainable 
than the one first contemplated. In making a selection of a site, due 
regard must be paid to the cost of modifying the aligmnent of. track as 
well as to the previously enumerated conditions for best bridge location. 
A selection having been made, the profile of the crossing can be run and 
soundings taken above and below it so as to show the topography of 
the stream-bed. At each end thereof the profile of the crossing should 
extend well back from the stream so as to include the entire space between 
extreme flood lines. With these data and with borings showing the ma- 
terial of the river bed and of the strata below, a tentative layout of struc- 
ture may be made and the sufficiency of waterway tested, as per the 
directions given in Chapter XLIX. This preliminary survey should also 
include elevations and positions of high-water marks along the reach of 
the river considered; it should develop evidence of scour, if anj^; and 
it should determine the nature of the material composing the stream- 



1092 


BRIDGE ENGINEERING 


Chapter XLVII 


banks and flood plain, the character of the vegetation, the kinds and 
quality of the timber, the proportion of cleared or cultivated land, and 
the location of buildings and fence lines. 

To decide upon the very best of several possible bridge locations, 
it is often necessary to make a number of complete estimates of cost 
not only of the bridge itself and its approaches, but also of the road for 
quite a distance from each end of the structure and extending to points 
that are common to all the layouts under comparison. Generally speak- 
ing, the least expensive of these is the one to adopt; but sometimes there 
are differences in the profile elevations which are of sufficient importance 
to influence the final choice of location by bringing into consideration the 
cost of operation and maintenance. A good bridge engineer will never 
permit himself to economize on time, labor, or expense when endeavoring 
to determine the economics of such an important problem as the best 
possible location fur a costly structure. 



CHAPTER XLVIII 


BORINGS 

Before a layout for a bridge can be projected, it is necessary to know 
the kind and the depth of the materials available for substructure foun- 
dations, and to obtain like information concerning those which must 
be passed through in order to reach the said foundations. To secure 
all these desired data some sort of undergroimd exploration must be 
undertaken. The usual method is to make borings of some kind or 
other; and the eorrect interpretation of these is an important matter, 
especially in the case of large and costly structures. It would be advis- 
able for the engineer having this responsibility to fortify his judgment 
by consulting records of other borings, wells, and test-pits made in the 
vicinity of the bridge site, and to secure from authentic published reports 
all available information concerning the geological formations in that 
general locality. These reports, especially these published by the Gov- 
ernment, can usually be found in any of the largo public libraries. The 
presence of glacial drift is apt to mislead one, if he be not forewarned 
of its existence. Such drift may bo expected in any of the streams in 
North America situated to the north of the Ohio River and to the east 
of the Missouri. Below the alluvial deposits in a river bed of this dis- 
trict will be found the glacial drift of sand, gravel, clay, and boulders 
mixed in a heterogeneous mass. Often in past ages the water in its per- 
colation has been impregnate ,with suflicicnt lime to cause a cementing 
effect on the gravel; and a layer of material thus consolidated presents 
considerable resistance to the drill point. Also the striking of a large 
boulder is misleading; and when this happens one is apt to draw the 
conclusion tliat a solid-rock ledge has been encountered. Hence the 
need for collateral evidence. 

Several tlifferent mctho<lsF for making borings have been developed, 
each one having some advantage for particular conditions. The simplest 
one is that of using an auger welded to a piece of pipe, to which other 
pieces can be screwed as needed. This auger is rotated by hand and 
withdrawn from the hole from time to time, bringing up a sample of the 
material for inspection. Such samples, together with their depths and 
the difficulty expericnco<l in penetrating the material, must be the basis 
for the engineer’s conclusion. This method is specially suitable for clayey 
soils. 

Another method is that known as “wash borings.” In this the ma- 
terial is broken up by a chum drill working inside of a pipe, and floated 
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to the surface by means of a strong jet of water issuing from the drill 
point while it is at the bottom of the hole. This flow of water is supplied 
by a force pum]) and is transmitted to the drill point through the small 
pipe to which the said drill point is attached. From these washings, 
their depths, and the '‘feel of the drill/’ the engineer must form an opin- 
ion as to the kind of material i)assed through and its bearing capacity 
so as to decide upon where to rest the piers. This method is available 
for silt, sand, clay soils, shale, and, to a limited extent, rock. 

Anotlier method of underground exploration is that of “core drilling.” 
In this the drill is constructed so that its rotation cuts out a cylindrical 
core extending upward inside tlie drill point and into the space within 
the churning pipe. This core is broken off at various tim(?s and brought 
to the surface, then it is taken out of the pipe and kept for future inspec- 
tion and testing. This method permits of the engineer’s seeing the va- 
rious materials as they actually occur and in large enough piec(‘s to judge 
of their characteristics and to make tests upon them, if so desired. It 
gives p(3sitive results and is best suited for the harder shales, sandstones, 
limestones, and granite formations. The overlying softer materials are 
usually penetrated by the wash boring process before the core drill is 
started. 

After a hard stratum is discovered, it is desirable to penetrate it sev- 
eral feet so as to make sure that it has the requisite thickness for dis- 
tributing the load from the pier, and that it is not merely a boulder. In 
limestone and sandstone formations tluTe is always the possibility of 
striking subterranean cavcTns or overhanging cliffs due to former erosions 
in the earlier geological periods. To devtdop the j)resence or tlui abs('nce 
of such underground caverns or cliffs, tlie drill should be shifted several 
feet sideways and another hole put down. A single ))oring at a pier site 
is not altogether comdusive. The author has often put down four holes 
for a single pier, one at each corner, Init generally one hole per pier will 
suffice — or less for a wide crossing, if the conditions of the river bed bo 
very uni‘orm in respect to character of materials. 

The equipment needed for making wash-borings consists of a two and 
a half inch pipe for casing and a one inch pipe for drill rod, both (ait into 
eight-foot lengths for conveniemeo in liandling; several different kinds of 
drill points; a three-legged derrick or tripod with a pulk^y attached at 
the top f(3r i^assing the njpc that op('rates the drill; and a pump with a 
small hose to connect with the drill rod so as to supply the watc'r nc'otled 
for bringing the washings to the top of the casing. At the low(;r end 
of the rod a drill point is attachcal. The b(‘st drill point for all-around 
work has two cutting edges arranged in the shape of a cross. These 
crossed edges of the bit break any pebbles that come into the hole and 
do not allow them to ascend with the water and to jam the drill pipe 
against the casing. This drill point has holes in the sides from which 
the water flows, as, in fact, do most of the other types of drill points cm- 
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ployed. The drill rod is churned up and down while water is being pumped 
through it. At the same time a twisting motion is given to it by the 
attendant, and in this way a fairly round hole is obtained. As the drill 
advances, the casing is driven down so as to keep elose to the position 
of the point and thus prevent the caving in of the sides of the hole; for 
such caving would cause a packing of soft sandy material around the drill 
and would bind it fast. A satisfactory hammer for this purpose can be 
made of a length of pipe with a drive-head screwed on the bottom. This 
ram should be handled by men direct without tackle in order to obtain the 
full force of the blow. When the washings in the overflew from the top 
of the casing change in character, the drill is stopped and a measurement 
made of the depth of drill point. This is readily ascertained by counting 
the number of pieces oi pipe, which should, preferably, be of uniform 
length. A recjord of this dejith and a description of the material encoun- 
tered should be made at the time by the responsible head of the party. 
Drilling is then resumed, and the operations are repeated until the de- 
sired stratum is reached or a sufficient depth attained that will ensure 
the neccissary bearing resistance. It is desirable to drive the casing fre- 
quently so tluit tlie surrounding soil will have less opportunity to pack 
about it and develop too much skin friction. 

Jk'fore sending out a party to make borings a full outfit of tools and 
c(iuipm(mt should lie shipp(‘d to the site. Many of tlic tools are special 
ou(‘s; hence the party should not rely upon inirchasing any of the outfit, 
excepting pcrlaips ]:)ipe, from some marki't conve^nient to the site. 

The following is a complete list of the tools and equipment required: 

1 doubh'-acting horizontal force pump, Fairbanks-Morsc & Co. Cata- 

logue No. GO, page 329, Fig. 834, No. 12 brass-lined discharge fitted for 
1 in. hose. ^ ^ 

2 pierces of four-ply 1 in. rubber hose, each 50 ft. long, with iron coup- 
lings for J in. pipe attached. 

15 ft. of 2 in. suction hos(^ Avith glofie strainer attached. 

1 Water swivel for 1 in. pipe (Crane Co. Catalogue, Fig. 404, page 
88). See sketch in catalogue. 

2 Pipe (jutters (No. 2 and No. 3, F. M. & Co. Catalogue No. 60, 
Fig. 765, page 508) wuth 3 extra cutter Avheels for eacli cutter. 

1 Pipe vise, hinged, size No. 2, F. M. & Co. (Catalogue No. 60, Fig. 
782. page 518. Stocks and dies for threading 1 in. and 2 V 2 in. pipe. 
This will require two sets of stocks and dies, i)age 505-506, F. M. & Co. 
Catalogue. 

2 Triino wrenches, 18 in., F. M. & Co. Catalogue No. 50, Fig. 775, 
page 514. . 

2 Vulcan ebain wrenches No. 13, F. M. & Co. Catalogue No. 50, 
Fig. 778, page 516. 

1 Pipe lifting device, F. M. & Co. Catalogue No. 50, Fig. 103, page 
531. 
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1 Lifting tongs No. 2, F. M. & Co. Catalogue No. 50, Fig. 109, page 
616. 

1 Pipe puller and dies, No. 3 with in. dies, F. M. & Co. Catalogue 
Nq. 60, Fig. 115, page 531. 

2 Jack screws, 14 in., ten ton capacity, F. M. & Co. Catalogue No. 60, 
Fig. 116, page 463. 

12 ft., in. chain to use in pulling pipe with levers. 

2 Single blocks, 4% in. sheaves, F. M. & Co. Catalogue No. 60, Fig. 
917, page 533. 

1 Single block, 4^ in. sheave, F. M. & Co. Catalogue No. 60, Fig. 798, 
page 533. 

1 Double block, 4% in. sheave, F. M. & Co. Catalogue No. 60, Fig. 
799, page 533. 

100 ft., ^ in. manila rope. 

1 Hand hammer No. 1. 

1 Sledge hammer No. 12. 

1 Hand saw (cross-cut). 

1 Monkey wrench. 

1 Pocket alligator wrench, F. M. & Co. Catalogue No. 60, Fig. 786, 
page 515. 

1 Brace and % in. bit. 

1 Hand axe. 

1 Chopping axe. 

1 Screw driver, 6 in. 

1 Triangular file, ■ 12 in., F. M. & Co. Catalogue No. 60, Fig. 861, 
page 520. , 

1 Mill bastard file, 12 in., F. M. & Co. Catalogue No. 60, Fig. 854, 
page 520. 

2 Steel hand chisels. 

1 Caulking iron for caulking barges. 

1 Oil can and oil. 

3 2J4 in- drill bits, F. M. & Co. Catalogue No. 60, Fig. 615, page 354. 
1 2 in. expansion bit, F. M. & Co. Catalogue No. 60, Fig. 610, page 

354. 

1 Taper tap for 1 in. pipe, F. M. & Co. Catalogue No. 60, Fig. 626, 
page 354. 

4 Drive heads for 2J^ in. pipe, F. M. & Co. Catalogue No. 60, Fig. 
94, page 352. 

2 Forged steel shoes for 2 ]^ in. pipe, F. M. & Co. Catalogue No. 60, 
Fig. 421, page 353. 

3 Drive rings. These will have to be manufactured specially in a 
machine shop. 

dozen 1 in. elbows. 

1 2)/^ in. tee. 

]/2 dozen hydraulic recessed couplings. 
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23 ^ in. pipe in 8-ft. lengths, .is much iis required. 

1 in. pipe in 8-ft. lengths, as much as required. 

Hydraulic couplings (extra long — ^not recessed) for both sizes of pipes 
as required. 

1 lb. red sheet packing for pump and swivel. 

3/^ dozen balls of candle wick for packing pump, etc. 

1 50 ft. tape. 

1 Note-book. 

1 two horse-power gasoline engine, where it is decided to use engine 
power instead of man power to operate pump and drill. 

Some extra pipe for casing is desirable, because it is not always pos- 
sible, before moving away from a hole, to pull the entire casing pipe used 
for a deep boring. Ordinarily a two and a half inch pipe is sufficiently 
large for the casing, but in deep borings a three-inch one may be used 
to better advantage. Also where a long portion of the casing is exposed 
to a strong current a three-inch or even a larger pipe will be better than 
one of the smaller diameter. For deep borings the pump should be 
double acting, as a strong, continuous flow of water is needed to bring 
the particles to the surface; and in some cases it will pay to use a gaso- 
line engine for pumping instead of the usual man-power. 

When borings have to be made in a stream where the current is too 
deep or swift for temporary staging, it will be best to use two small scows 
each about ten by twenty feet. These can be placed alongside and 
separated a few feet from each other so as to leave an opening for the 
drill between. This clearance is needed to prevent the swaying and tilt- 
ing of the barges from bending or breaking the pipe. Timbers are laid 
across the opening and firmly fastened to the boats so that they will act 
as a unit. This arrangemdht^ is desirable for equalizing the pressure 
when, pulling casings. On this platform over the centre of the space 
between the boats is erected an A derrick frame, from which the drill is 
operated. To secure the boats in position, it will be necessary to tie to some 
existing structure or to put out a couple of anchors upstream. These 
anchors can readily be made by filling boxes with rock or concrete and 
tying fast to them before dumping in the water. For river work it will 
take about 500 feet of rope to connect the boats to the anchors. A 
buoy, made of a block of light wood, should be fastened to each anchor 
by a rope of sufficient length to permit it to float on the surface. It will 
prove of value, if the anchors become snagged and have to be tripped. 

The derrick may be built from four pieces of timber, each 2"X6"X20' 
and braced with 2" X4" planks. Two platforms should be constructed, 
one about seven feet from the base and the second six and a half feet above' 
the first. This will facilitate the driving of the casing. 

Where very fine sand or quicksand is encountered, it becomes a diffi- 
cult matter to drive the pipe without breaking the couplings. A case 
of this kind occurred in making the borings for a bridge across the At- 
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chafalaya River. A special inelli(Ml, used successfully on that and on 
one other occasion by the author's men, was to drive a four-inch pipe 
about six feet into the material below the bod of the river and let the 
top of it extend three or four feet al)ovc the water surface, a tec connec- 
tion being screwed thereto. Two barrels were employed to hold a thin 
clay ])udtllc, wlii(?h was pumped tlirough the drill pipe instead of the 
usual clear water. As this puddle overflowed from the top of the four- 
incli pipe it was returned to the barrels and used over again. The clay 
made the sand hold together, so that a depth of over 130 feet was at- 
tained by this process in less than five hours. 

Should the casing become gripped in the material penetrated and all 
efforts to pull it prove futile, a portion of it can be saved by lowering 
a stick of dynamite to a coupling about 20 feet below the bed of the river. 
The explosion thereof will br(»ak the coupling so that the upper portion 
of pipe can then be pulled and used over again. Should boulders be 
encountered near the bed of the river, it is best to move the drill four 
or five feet away and start a new hole; however, should there happen 
to bo a bed of boulders, it may be necessary to break up the obstructing 
boulder with a charge of djmamite. Before placing the explosive the 
casing should be withdrawn three or four feet in order to avoid its being 
injured. After the boulder is shattered, the ctising pipe can be driven, 
provided the expansion bit is used to enlarge the hole. 

The equipiiKiiit needed for the core-drilling process is similar in many 
respects to that for wash borings. An outside casing is used, wlii(;h 
casing is driven to bed-ro(;k and washed clean inside by means of a water- 
jet before the core-drill is started. The core-drill bit is a ring, provided 
in one type with black diamonds for the cutting agent, and in another 
type with chilled steel shot. The bit in either case is rotated by means 
of the hollow rods to which it is attached and through which a stream 
of water is kept flowing, except when going through clay or soft shale. 
A core barrel some ten feet long is provided above the l)it. With the 
steel-shot type no attempt is made to w\ash the cuttings to the top, be- 
cause the required flow of water is so great as to disturb the shot. The 
cuttings are carried into the core chamber and brought to the surface 
when the core is lifted. With the diamond bit a strong stream of water 
is employed so that the cuttings are lifted to the top, otherwise they 
would wedge about the drill and finally stop it. This stream serves also 
to keep the bit cool. 

Dry cores in clay and the softer shales can be made with a saw tooth 
bit. They are desirable because they give a more exact knowledge of 
the resistance of the material. Unless dry cores are taken, a hard clay 
or a shale suitable for a foundation might be overlooked. Power is re- 
quired to rotate the core-drill. The most usual difficulty encountered 
with core-drilling operations is the sticking of the bit in the hole. This 
is apt to happen in soft and caving rock, and it is sometimes necessary 
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and worth while to ream down with a larger bit and case the hole in order 
to recover the first bit, as diamond bits cost from $600 to $1,000 each. 
Another serious accident to the diamond bit is the dropping of the rods 
when pulling them out of a hole. Also a cave, fault, or mud-seam in 
the rock is always more or less serious; and it often involves reaming 
down to this point and driving a new casing through. This costs more 
than the original hole. IjOss of water through seams or fissures often 
requires reaming and casing. The shot drill is subject to the same diffi- 
culties as the diamond drill, besides having several additional troubles 
of its own. It is not as expensive as the diamond drill; and the loss of 
a bit is not such a serious matter. As the shot arc loose under the bit, 
they roll out when a seam or crack is encountered, leaving the bit without 
any cutting power. If the seam or crack should bear any considerable 
amount of water, the shot will be carried away as fast as they arc put 
in, thereby causing a complete blocking of the machine, unless the hole 
be cased through the seam and continued with a smaller-sized bit, or 
unless the hole be reamed down to the scam to allow of a larger casing 
being driven. Another difficulty is that of gauging the stream of water 
so that it will not carry away the shot, but will l)e suffici('nt to wash the 
cuttings into the calyx. After the calyx is filled and ready for withdrawal 
it becomes necessary to wash out the hole wth a strong jet of water, 
or to use a sand pump in order to prevent the bit from jamming. No 
core-lifting attacjlimcnt is provided, as that would interfere with the 
feeding of the shot. In order to lift the core, it is necessary to wash in 
sand so that it becomes jammed in the core -barrel. This is tedious and 
uncertain; and cores are liable to drop out when pulling up tlic drill, 
in Avhich case the core becomes badly broken or even ground to pieces. 

The relial)ility of the rccdrdg of evidence from these various methods 
of underground exploration must be taken into consideration when inter- 
preting any borings, as well as the purpose to b(» served by the said borings. 
If simply a rock profile is desired the wjish-boring method will usually be 
sufficient, provided that boulders are not prevalent. If the character of 
the rock, its hardness, thkkness, and resistance arc desired, the corci- 
drill method should be employed. The tcndeiKiy of wash borings is to 
indicate a coarser material than is really encountered, especially with a 
strong water jet, because the fine material is dissolvc»d and carried off. 
Clay or silt shows a tendency to appear as sand, and sand to appear jis 
gravel. 

The cost of making borings varies so much with different localities 
that no safe guide can be set without presenting all the data that enter 
into the said cost. The reader who desires to obtain detailed informa- 
tion concerning this question would do well to consult the staiulard hand- 
books on cost data. The core-drilling method is the most (expensive, 
the wash-boring method is less so, and the auger method is the cheapest. 
However, the result to be accomplished in a great many cases is such 
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that cheapness of method is by no means the guiding principle; and, 
moreover, there are many cases in which there is no possible choice of 
method, owng to existing conditions which render only one applicable. 

As a conclusion to this chapter, in the hope that the information 
offered will prove useful to some of his readers, the author reproduces 
as follows the blue-printed instructions that his firm furnishes to all 
of its boring parties: 

''Pipe may be purchased close to where the borings are to be made, 
thus saving freight charges. In cases where the borings are to go to a 
depth of more than 50 or 60 ft., it is best to get the extra heavy pipe for 
both two and one-half inch and one inch sizes; but in shallow borings 
the ordinary thicknesses for two and one-half and one inch pipes will 
answer. 

** For ordinary conditions the pipe is purchased in Kansas City, and 
about 200 ft. of 2)/^ in. and 120 ft. of 1 in. pipes should be shipped. This 
may do the boring for one river crossing, providing it can bo pulled after 
each boring is finished, and so used repeatedly. The casing pipe can 
nearly always be pulled out when making borings on land, but where 
there is a great penetration it is a difficult matter to pull pipe from scows. 
In such cases a small charge of dynamite lowered on the inside so as to 
break off the pipe at or below the bottom of the river will be the easiest 
and cheapest way to get rid of it. The pipe above the ground line can be 
saved, and possibly some more. 

“It is advisable and will save a great deal of hard labor to have the 
pipe, both 2J^ in. and 1 in., cut in lengths of about 8 ft.; but two lengths 
of 16 or 18 ft. of the 2J^ in. pipe can be shipped without being cut. All 
pieces of pipe are to be threaded on both ends. The threads must be 
deep enough so that the ends of the pipe wMl come in contact in a coupling. 
This applies both to the 1 in. and the 23^ in. pipes. A coupling (extra- 
long hydraulic) should be put on one end of each pipe, and a dozen coup- 
lings for 2J^ in. pipe and another dozen for 1 in. pipe should bo shipped 
extra. 

“Drive caps, Fig. 94 of Fairbanks, Morse & Co.'s Catalogue, can be 
used only for light driving. As funiished, they are not complete for 
our method of work; and a hole I/iq in. in diameter must be drilled ver- 
tically through the cap. For deep borings the steel drive heads, such 
as shown in Fig. 48a, are required; and they have to be made specially 
in a machine shop. 

“Care should be taken to see that the drills fit the casing pipe, as it 
may be harrl to get them ground down in the field if too large; and if 
too small they will not work well. 

“Use the hydraulic recessed couplings for fastening the drive heads 
to the casing pipe and to the ram, and be sure the coupling is screwed 
onto the drive head and onto the pipe as far as possible. This will reduce 
the danger of stripping the threads while driving. 
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“Borings should be made as close as possible to the sites of the pro- 
posed piers, where such can be known or assumed beforehand. It is well 
to make the boring just outside the pier, if its location can be determined 
accurately, so that the casing pipe will not be encountered in sinking 
the pier, if it should prove Impossible to pull it. 

“If the borings are to be made in a river of any great width, it is cus- 
tomary to make at least five of them in the water and one on each bank; 



Fkj. 48a. Steel Drive Head for Driving Casing Pipe. 


but if the river is not very wide, three borings may sometimes suffice. 
In any case the Main Office will instruct as to how many borings will 
be required. 

“The 23 ^ inch pipe, callcfi the casing pipe, is driven by a ram con- 
sisting of a piece of pipe from *8 to 16 feet long, lifted and dropped by 
from two to four men. The top of the casing pipe is fitted with a drive 
head, as is also the lower end of the ram. The 1“ pipe, called the wash 
or drill pipe, usually is not removed during the process of driving down 
the casing pipe, but remains in place and serves as a guide for the ram. 
This is clearly shown in Fig. 486. 

“When the drill pipe is removed during the driving of the casing, a 
short length of 1“ piping with a coupling near the centre (?an be used in 
place of the drill pipe to act as a guide for the ram. The length of this 
1“ pipe above the coupling should not be less than 4^/^ feet. 

“The method of putting on and removing tlie drive head is shown 
in Fig. 48c. After tlie drive head has been removed, connection is made 
from the drill pipe to the pump, as shown in Fig. 48d, and the material 
in the casing pipe is cleaned out according to the directions there given. 
The casing pipe should not be driven over 6 or 8 feet at a time without 
cleaning it out. The swivel, shown in Fig. 48c, at the connection of the 
hose to the drill pipe allows the water to pass through it continuously 
while the drill pipe is being turned around. This is absolutely necessary 
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when drilling in rock, as it is essential to keep continually turning the 
pipe in order that the drill may cut a uniformly round hole and thus 
eliminate the danger of its getting stuck. In soft material the wash 



Fig. 486. Driving Casing for Borings. 


Note. — ^The drill point should always be 
at least 3' 0" above the bottom of casing 
when driving, so that sand and gravel will 
not be forced up inside of c:using and bind 
the drill. 

Coupling of 1" drill pipe resting on lower 
drive-head supports drill pipe whih? driving 
casing, the two rings forming a protO(;tion for 
coupling as shown. 

Drive-heads must be screwed into coupling 
for full length of thread. 

The piece of 1" pipe above coupling serves 
as a guide for the ram. 


pipe will sink of its own weiglit as it washes out the earth in the casing 
pipe, but in hard material it is necessary to raise and drop it, using it 
as a drill. In such cases the lower end of the wash pipe terminates in 



Fig. 48c. Removing or Replacing Drive- 
head. 

N OTE. — ^To remove or replace drive-head, 
raise up drill pipe so as f o bring the drill 
well up above the bottom of ca.sing, and 
hold drill pipe with wTonch or line until 
the coupling is removed and drive-head 
dropped over top of 1" pii^e. The coupling 
is then to be screw'od on top of 1" pipe 
and allow’ed to drop down on drive-head 
to support the drill pipe during driving. 

Reverse operation to remove the drive- 
head. 



Fig. 48d. Drilling when Making Borings. 

Note. — ^l''o operate drill, raise up and let 
fall, at the same time keeping a good flow 
of water passing through pipe. 


a cutter, having orifices through which the water passes. For this drill- 
ing it is necessary to have a sheave and a line passing to the wash pipe 
to lift and drop it, as shown in Fig. 48d. 

“The material washed out of the casing pipe must be caught so that 
its nature can be determined. A record must be kept of the different 
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materials penetrated and also of the elevations at which the boring 
passes from one material into another. A very convenient method of 
catching this material is to screw a T and a short piece 
of pipe onto the top of the cjising pipe and lead a 1" 
hose from the T to the receptacle in which the material 
is caught. 

'‘The casing pipe as well as the drill pipe must be 
mtnxsured, so as to know exactly when the drill is at 
the bottom of the casing pipe. If the bottom of the 
casing i)ipc is in sand or gravel, it is b(^st not to try to 
go below the casing pipe with the wash pipe, as the sand 
or gravel will cave in and possibly cause trouble. The 
pump must be kept working until the wash water 
coming out of the casing pipe carries no material, as 
this material is liable to settle around the drill pipe 
and fre(»ze it in Avlien the pump is stopped. This can 
also be avoided by raising the drill pipe a few feet above 
the bottom of the hole before stopping the pump. 

“If clay is encounten'd, the casing can be stopped 
and the drill pipe alone used; but if sand or gravel is 
met with 1m4ow the stratum of (!lay, then the casing must be driven 
down through the clay, for ncitluT the sand nor the gravel will stand 
up, and it will be impossible to drill through without the casing. In 
going through clay, much greater progress can be made if the drill pipe 
is turned in the same maniUT iis when drilling in rock. 

“If boulders are encountered so close to the surface that the casing 
pipe can easily l)c pulled, then ilw said pipci must be withdrawn, the 
boats shifted a little to another ^position, and the casing ni-driven. It is 
much easier to dodge boulders when near the surface than to try to work 
through them. If boulders are emrountered at a gn^at depth, it will be 
b('st to go through them. The easiest method is to rig up the apparatus 
to pull the pi])e; but before doing so the case must be washed out to the 
bould(»r, and then a stick of dynamite, say *<4 lb., must be wc'ighted and 
lowered ontx> tlu; bould(?r, then th(5 pijx? must be pullcHl 4 or 5 ft. above 
the latter and the dynamite fired. Waterproof fuse or electric battery 
must be used to explode the dynamite. If the casing pipe is too deep to be 
easily withdrawn, then the expansion drill must l)e used to pierce the 
boulder. This will he a slow job, but it must be done. 

“When bed-rock is encountered, the expansion drill should be used 
to drill into it at least 2 indies, then the casing pipe must be driven into 
the hole made. This will cut off the flow of sand and make the remain- 
ing drilling much easier. The expansion bit should be removed and the 
regular drill bit used to drill into bcil-rock. If it proves to be hard, from 
4 to 5 feet will be a sufficient depth to penetrate; but should it be shale 
or cemented gravel, then it must be drilled into from 10 to 12 feet. 



Fio. 4He. Detail of 
Swiv<»l for Mak- 
ing Borings. 
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will be iiecjessary to work six men on borings. Tliese can gen- 
erally be picked up in the vicinity of the work. 

“The sciiifolding shown in Figs. 486, 48c, and 48d has only one work- 
ing platform. It is much more convenient and much easier on the men 
to liave at least two working platforms, and the work can be done much 
more quickly. The sketch illustrating the barges in position with scaf- 
fold erected (Fig. 48/) shows a better arrangement, as it gives plenty of 
W'orking room both for handling the pipes and for driving the casing. 

“For work in the river it is preferable to have two small scows to 



work on, providing they can be rented. If they are not obtainable, one 
medium-sized scow will suffice. In case the two small scows are avail- 
able, they can be fastened together, and a tower with suitable working 
platforms erected thereon, as shown by Fig. 48/. 

“ In case the two scows are not available, the work can be done from 
one scow. This can be accomplished with a tower of the same dimen- 
sions resting on two timbers extending over one end. They must be 
bolted or secured rigidly to the scow so that there shall be no danger of 
their tipping up. A little less than one-half of the tower can be on the 
scow. 

“In case no scows are available, it will be necessary to build a couple 
of small ones. Fig. 48gr shows a very satisfactory design. To hold the 
scows it will be necessary to anchor them from each corner. Boxes filled 
with stone will suffice for anchorage, but the regular iron anchor will be 
much better, especially on a stream with swift current. The anchor 
lines to each anchor must be at least 150 ft. long in order to get good 


^ A// brocmq tn fhisphne to be bolfed so as 
to be easily remoi^alde for dismaaf /mg and momng 
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results; but it will not be necessary to provide either anchors or lines 
until the situation is looked over. As a general thing, any one who has 
scows to rent has anchors and lines also. 

“When boring on navigable water, it may be necessary to employ a 
watchman at night. This will largely depend on the munber of boats 
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plying the stream, but in any event a red light must be placed in the 
tower during the night. It must be so located as to be seen from all 
sides. 

‘‘A skiff will be needed to cposs to and from the barges. It will bo 
advisable to employ a man who owns a skiff, paying him about 50 cents 
per day for his skiff, and for his work the same wages as the other men 
in the crow receive, which is generally $2.00 per day. In case a man 
and skiff cannot be obtained, a skiff can be bought, rented, or built. 

“In making borings on sand bars at some distance away from water, 
it will be necessary to drive d well point through the sand until water 
is reached, in order to supply it for pumping. If it happens to bo so deep 
to water that the pump will not raise it, a couple of barrels must be se- 
cured and a man employed to carry water thereto from the river. When 
using water from barrels it can be employed continuously by collecting 
it as it leaves the casing ])ipe. This may be done by procuring a T con- 
nection, screwing it on top of the casing pipe, placing a short piece of 
pipe on top of the T, and inserting another short piece into it hori- 
zontally. To this a section of hose can be attached and the end placed 
in the barrel so as to catch the water as it flows from the casing pipe. 

“When the job is finished do not ship any pipe with the tools, unless 
you are going to another job where the pipe on hand could be shipped and 
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used more cheaply than to buy new pipe. Sell the pipe if possible; if 
unable to do so, discard it. 

''Under special conditions it may be more economical to use a gaso- 
line engine to run the pump and to lift the drill pipe when drilling instead 
of employing man power. A two-horse-power engine will furnish ample 
power to do this. The engine, No. 140, shown in Fairbanks-Morse & 
Company Catalogue No. 60, page 255, is suitable for this purpose. The 
walking beam shown is not required, but the pump can bo connected 
directly to the pitman rod there indicated. The minimum stroke with 
this engine (5") at the given speed (47 r.p.m. of pump gear) will give too 
much water, so that it will be necessary to shorten the stroke by con- 
necting the pitman rod to the upright piece of the pump handle a suffi- 
cient distance above the piston of the pump to give the reciuired length 
of stroke. Probably a 2" stroke wall be sufficient. For lifting the drill 
pipe it wall be necessary to rig up a spool on a shaft independent of the 
engine, with a pulley for a belt connection to the pulley on the engine. 
By taking a couple of turns around this spool wath the line from the drill 
pipe, the latter is easily raised by a sliglit pull on the line leading from 
the spool and dropped by shicking on the same. The above outfit re- 
quires three men to operate. It can bo used economi(!ally w’^here labor 
is scarce and wages are high. Another advantage under such conditions 
is that the work is much (\isicr and, therefore^, there is not the danger of 
continually losing the men about the time they get accustomed to thci 
w'ork. Where the material in wliic.h the boring is being made is such that 
the drill pipe can be carried down without the casing pipe the advantage 
of the engine is much increased, and, conversely, where the casing pipe 
has to be driven dowm all the way the use of the engine loses much of 
its advantage. This is because with luyid operation the entire six men 
can be utilized when driving, while three men ^vill not make very gooil 
progress where there is much driving to do. It is possible to raise the 
ram with the engine, but driving writli the engine raising the ram is not 
nearly so effective. Fig. 48A shows the arrangement of the gasoline 
engine, pump, etc. 

"Before the work is started, employers' liability insurance is to be 
taken out on all men employed upon or connected Avith the work. This 
can usually be obtained in the town nearest to the site of the borings by 
application to some insurance agent. We want to be thoroughly pro- 
tected in the work; and, therefore, proper insurance must be taken out. 

"Usually we arc given by the company stakes on the bridge tangent; 
and then borings will be located by their station number. Where we 
establish the bridge tangent the station numbering is ordinarily fixed by 
some natural object, say the centre lim^ of some cross street, a railroad 
track, etc. For ordinary cases, or whore the water is not more than 500 
feet across, the position of each boring can be determined by measuring 
out with a tape, or with a wire and then measuring the wire. For wider 
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streams it will bo necessary to lay out a rough triangulation system and 
measure the angle between base line and boring. Extreme accuracy is 
not essential, as a variation of a couple of feet is no serious matter. The 
angle can be read when convenient and the plus of the boring figured. 

“Usually we are given a bench mark, or else some permanent bench mark 
referred to some assumed base is selected. It is well to place a gauge so that 
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the elevation of the water can be noted at least oiK^e a day. Elevations of 
pipe are generally determined from the water and so referred to datum. 
It is well to establish levels at once and refer all measurements to proper 
datum. , 

“As soon as the engineer reaches the site he sliould write a letter 
to the Main Office, giving full particulars Jis to how the conditions ap- 
pear to him. Every day thereafter a daily report is to be sent on the 
blanks supplied. (See Fig. 48i.) One report is to be mailed each night 
giving the information for that day. Special notes may be made on the 
reports so that no other h'tters arc ncccssar>\ 

“When the work is concluded, a final letter should be WTitten, ad- 
vising as to the disposal of tools, equipment, old pipe, etc., and sending 
bills of lading for shipments. 

“Take receipts for all expenditures for materials and wages, rents, 
etc., on the blanks furnished." 
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Unfortunately, these regulations arc not very well formulated; but this 
is not the fault of the War Department, as it onee tried to have a bill 
passed l)y Congress to establish general rules for bridging the Mississippi 
Riv(?r and most of its tributaries, but it did not be(!ome a law. 

On March 23, 1006, Congress approved a bill ‘‘to regulate the con- 
struction of bridges ov(‘r navigable Avaters.'' It reads as follows: 

“An Aft to i-fguhito the construction of bridges over navigable waters. 

“Rf it nwrtfi hy the Senate and IIoiihc of Reprenentalircs of the United States of 
America in Congress assembled. That when, hereafter, authority is granted by Congress 
to any persons to const met and maintain a bridge across or over any of the navigable 
wat(TS of th(‘ I'nitcnl States, such bridge shall not bo built or eoinmencal until the 
plans and specifications for its construction, together with such drawings of the proposed 
construction and such map of the proposcnl location as may be recjuired for a full un- 
derstanding of tin* suliject, have bcM'ii submitt(Ml to the Secretary of War and Chief of 
Enginoi'i-s for their approval, nor until they shall have appi-ovM such plans and speci- 
fications and the location of suc*h bridg(‘ and accessory works; and wh(»n the plans for 
any bridge to be constructed undt'r the provisions of this Act have* been approved by the 
(diief of Engine(*rs and hy the Secretary of War it shall not be lawful to deviate from 
such jilaus, either before or aftca* (‘oniplet ion of the structure, unl(‘ss the modification of 
such plans has jirevioiisly been submit tixl to and received the approval of the Chief 
of Engineers and of the Secretary of War. 

‘‘Sec. 2. That, any bridge built in accordance with the provisions of this Act shall 
be a lawful structure and shall be re<‘<igni/.<Ml and known as a post route, upon which no 
higher charge' shall be made for tin* transmission ove*r the saim^ of the mails, the troops, 
and the munitions of war of the I'nite'e! States than the rate per mile paitl for the trans- 
portation over any railroad, street railway, or laiblic highway leailing to saiel bridge; 
and the I'nited States shall have* the right tei construct, maintain, and repair, without 
any charge* the*re*fe)r, t« le*graph anel te*le*phone lines aiToss anel upon saiel bridge and its 
appre)ache*s; anel (*(jual privile*ge*s in the c.ase of said brielge* and its upj)ruaches shall 
be grant(*el to all te*le*graph anel te>1e>phe)ne e*e)nipanies. 

“Sec. d'hat all r:iilre)ael ceimpaiiie's eh'siring the use* e)f any railre^ael brielge built 
in accorelane'c with the* provisions eif this .\ct sl\^ll be entitleel tei e'ejual rights anel privi- 
lege*s re*lative' to thej jjassagi* e)f railway trains eir c:irs e)ve*r the same anel em*r the; ;ip- 
proache*s th(*re*te) upe)n payine*nt of a re'asemable* cemip(*nsat ieai for such use; anel in f;ase 
of any disagre*e*me*nt be*twe*e'n the partie*s in re*garel te) the te*nns of sue*h use eir the sums 
to be paiel all rnatreTs at issue shall be* ele*terniineHl by the; Se*eTetary of War upon he*aring 
the alle*gat ieai.s anel prejeifs submit te*d to him. 

“Sec. 4. That ne) brielge; erect e’el ejr maintaine*el unele*r the provisiems of this Act 
shall at any t ime* unreaseinably ejbstriict the; fren; mvigatiem e)f the* wate*rs e)ve*r wliie*h it 
is const rue*te*d, anel if any brielge e*re*cte»el in accordane’o with the; f)re)visions e)f this Ae;t 
shall, in the; e)piniem e>f the; Se-e-re-tary ejf War, at any time unfeaseinably e)bstrue!t such 
navigation, eithe*r on ae'e-enint e)f insuffie*ie‘nt he*ight, width of span, e>r f)tlie*rwiso, exr if 
the»re be; elifficulty in passing the* elraw ope*ning ea* the elrawspan e>f sue*h brielge by rafts, 
steambe)ats, eir othe*r wate*r craft, it shall be the* duty of the; iSe*e*retary of W.ar, afte*r 
giving the; partie*s inte*re*ste;el re:isoiiable; opportunity te> be; he*ju*el, to nejtify the pe;rsons 
owning e>r ceaitreilling sue'h brielge*. se) tei alte*r the same .‘is to re‘nele*r navigatiem through 
ejr unele*r it reaseaiably fre*e*, e*asy, anel urieibstructeel, stating in sue;h notie;o the change*s 
re‘f|uire*fl to be m.aeh*, and pre*scribing in e*ach cji.se :i re;ase>nable* lime in whie:h te> make 
sue‘h chjingc*s, jind if at the enel of the* time se> spe*e;irie*el the eduinge'S so requirenl luive iie)t 
be*en nijiele*, the; pe*rsons e>wning or e‘orit reeling sue;h brielge* slijill be; ele'cmenl guilty of a 
vieihitiem e)f this Act; anel all such altc'rations shall be; nniele anel all suedi eibsiruestiejns 
fthjill be re*niove‘el at the* e*xjje*nse; of the persons owning or ope*rating said bridge. The 
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persons owninf; or operating any such bridge shall maintain, at their own expense, such 
lights and other signals thereon as the Secretary of C^>ininerce and liubor shall proscribe. 
If the bridge shall be conslruetcHl with a draw, th(*n the draw shall be? opened pnimptly 
by the persons owning or operating such bridge ujKm reasonabh^ signal for tlie passage 
of boats and other water craft. If tolls shall be charged for the transit over any bridge 
constructed under the provisions of this Act, of engine's, cars, si root cars, wagons, car- 
riage's, vehicles, animals, foot passe;ngers, or other passe*ngcrs, sue'h tolls shall be rea- 
sonable anel just, anel the Si'eTetary of Wiir may, at any lime', and frejrn time to time, 
prese-ribe the reasonable rates of loll for such transit over such brielge, anel the rates so 
prescribeel shall be the legal rates anel shall be^ the rate's elemandeel and received for such 
transit. 

“Skc. 5. That any persons who shall fail or rcifuse te) comply with the* lawful onler of 
the Secretary of War or the Chief of Engineers, iiiaele in ae;ejorelane*e w ith the^ provisions 
of this Act, shall be elee'iniMl guilty of a violatiem of this Acl, anel any pe'rsons wdio shall be 
guilty of a violation of this Ae*t shall be deK'ine'd guilty of a inisdeine*anor and on e;on- 
vicliem the'reH)f shall be punisheHl in any court of e‘e)mpe'tent jurisdiction by a fine ne)t 
exe.'eeeling five Ihousanel ele)llars, and e've'ry month sue*h peTsons shall remain in elefault 
shall be ele'cmed a new' olTeaisei and subjc'ct sue*h ])e'i‘sons to Jidditieinal peaialties the*refe)r; 
anel in aelelitiem te) the penalties abewe elescribed I he* Se*crctary e)f War and the Chief of 
h]nginee*rs may, upon refusal of tlie i)e'rsons ow'iiing f)i‘ e*ontrolling any sue'li brielge and 
ace't'ssorj’^ w'orks te) comply with any lawful eireler issue'd by I he* Se'crelary of W'ar e)r ('hief 
e)f Engine'e'rs in regard the*re*lo, eviiise the re‘me)val e)f such brielge* anel acce'sse)ry works at 
the exj)ense; of the^ pe'i-se)ns owning eir e*e)ntrolling sue;h bridge, anel suit for sue*h expense 
may be^ brought in the name ejf the Tnile'e! State's against sue-h ])e*i*sons, and recovery had 
fe)r sue'h e'xpe'iise in any e*ourl e)f e'oinpe'te*nt juriselie*! ie)n; and the* re*moval e)f any structures 
erect eel or maintaine'd in violaliein eif the pre)visions e)f this Act e)r the orde'i* e)r elirectmn 
eif the Se'cre'tary e)f War or ('hief e)f Kngine*ers maele in pursuane'e* Ihere'of may be e'n- 
forced by injune*tie)n, mandamus, or otlu'r summary j>re)e*e*ss, upon applicatiem to the 
e'ire'uit e'e)urt in the district in which sue'h structure* may, in whe)le* or in part, e*xist, and 
propeir pre)e*e*e'dings te) this einl may be* instituteil undeT the dire*ctie)n e)f the Atte)rne*j’^- 
(Jeni'ral of the Unite'd State's at the rt*eiue*st e)f the* Se'crelary e)f W'ar; and in e*ase of any 
litigation arising from any e)l)struction or alle*ge*el- e)l)strue*lie)n te) navigatie)n created by 
the const ruct ie)n eif any brielge* uneleT this Act, the* cause or (iue*stie)n arising may be* tried 
be'fore the cire'uit court of the riiite*d Jltate'S in any elistrie't which any ixMion e>f sue'h 
obst ruct ie)n or bridge* touche's. 

“Si:e\ (). That whe'iie've'i* (\)ngre*ss shall he're'after by law' authorize the* e'onstruction 
e)f any brielge* e)ve'r f)r across any e)f the navigable wate*rs e)f the* I’nile'e! State's, anel ne) time 
feir the; e'e)mme*ne'e*me'nt anel e*omple*tie)n e)f such brielge is name'el in saiel Ae*l, the authe)rity 
tlu're'by grante*el shall e'e*ase* anel be* null anel ve)iel unless the* ae-tual construction of the 
brielge authorize'el in sue-h Ae-t be e*emime*ne*e'd within one* ye*ar anel e*e)niple*te'el within three 
years from the elate* eif the* passage* «f such Ae*t. 

“Skc. 7. 'riiat the* weirel ‘pe*rsons* as use*el in this Act shall be* ceuistrued to import 
be)th the singular and the plural, as the c*ase ele*nianels, anel sliall ine'luele* municipalities, 
(luasi-municipal e*e)ri)e)ratie)ns, e-eirpeirations, e*ompanie*s, and associations. 

**Skc. S. That the* right te) alte*r, ame*nei, eir re*pe*al this .\e't is he'reby expressly re)- 
serve'el as te> any anel all brielge's w’hie*h may be built, in ace*e>relane*e* with the provisions 
of this Ae*t, anel the Unite*el States shall ineair nei liability for the alteratiem, amenelme*nt, 
or re*pe*al the*r(M)f te> the owne*r e)r eiwners or any e)the*r pe*rse)ns inle*resteel in any brielge 
which shall have be*en constructeel in accore lance with its provisions.*' 

The preceding “Act” is very general in its nailin', and is both inter- 
esting and ust'fiil to bridge' (‘iiginet'rs as far as it goes; but niiich more 
detailed information is necessary in onler to prepare properly the plans 
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when some poAVcrful (forporation for selfish reasons is opposing the con- 
struction of the l)ridge, Ihe ai)i)lieant will have a fight on his hands that 
will keep him continuall}' eni]iloyed for soiikj time. 

AVlien any formal o]iposilion to a bridge j)rojeet is brought to the 
attention of the War l^epaKment, if the Secretary of War deem it nec- 
(»ssarv, ho naiiu's a date' and i)lace for a public hearing; and ample notice 
is tin'll given by advei'tisements in those of the k'ading daily papers Avhich 
are most like'ly to i-each all the parties inte'rc'sted in the controversy. At 
this hearing the district engineer officer usually presides, but in some 
important cases three of the U. S. Army engineers act as judges, and 
the prtM'eedings are (|uite similar to those of a. court of law. After the 
evidence is all in and duly considered, the Board renders its decision; 
which is almost ahvays final, as it Avould be exceeding!}' difTicult to re- 
verse'. Such iK'arings are usually charactc'rize'd by the eminent fairness 
of all the procec'dings. b]v('ry one interesteil is given a eourte'oiis hearing, 
and the judge's almost invariably rende'r an iinjiartial ve'rdict, basing tlie'ir 
decision upein the principle of the ^'gre'ate'st good for the greate'st num- 
be'r.’’ Kven Ihe defeatc'd parties ge'nerally recognize the justice of the^ 
awarel; and very se'ldom is there any ce)mplaint he'ard about, partiality 
or unfairne'ss. As the menibe'rs of the' V, S. Mnginen'r Corps are^ the' 
guardians of the' country's iiavigatieai intore'sts, one might think that 
they are liable to be' ])re'judie*e'el on the' side of river traffie' anel e)pi)oseel 
to the railroaels; but Avhen rivea* men e'lide'avor te) block a le*gitimate 
project by unwarraiite'd allegations e)f injury to navigation, the'y are' 
se)e)ii made to understand that tlu'v will not be' allowTel to stop the ma- 
terial jirogress e)f tlie country beH*ause‘ se)me^ pre)p()sed construedion may 
not favor their personal aims. 

The army e'ligine'ers e'lide'avor to make it as easy as peissible feir an 
applie*ant to get liis ])lans approveel; ariei wlien the'y are e:e)nviiie'e*el of the 
necessity feir liaste', the'y will make tlieur elee'isiein with ve^y little deday. 
AVliile the'y are iiartieadar abejut the e'eirre'ct ne*ss of the hyelreigraphieail 
map, they re'epiire but little elata e'eme'e'rning tlie ])lans feir the strue*ture 
— simply a preifile; of thej e*re)ssing sheming the? outline's eif the^ piers, thei 
skededon of the? trusses, anel the ceirre'spemeling plan giving main elimeai- 
siems and location of piers anel abutmemts. The'y are not conce*rne'd with 
the strength of the sui>erstrue*turo neir with thej sjiejcifie'atieins ujiein which 
the brielge is to be? built; feir they eronsiele-r that the eiwner is sufficiently 
interesteil neit te) pe'imit of any const ructie)n that is geiing te) fail. Me)rev 
over, if it shoulel, the debris woulel se)e)n be' reane)ve'd by the ( leive'rnment 
at the e)wncr^s expe'nsc. In examining the i)lans, the'y make? it the»ir 
business te) se'e that the le)e'atiejn ne)t emly ce)mplie*s with the? law in re'- 
spect to both the spacing and the position e)f fliers anel abutments, but 
also that the lirielge, whe'ii e*omple‘t(?d, will neil elam the water too much 
nor e;ause currents whie;h weiulel be pr(?juelicial fei navigatieni. lOach prei- 
peised location is considered ujion its own meirits, and it will iieit be ap- 
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proved, although complying with both the law and the custom of the 
Department, in case that any peculiar features necessitate other restric- 
tions. The questions involved are treated from the broad standpoint 
of (jommon sense, and tlie only red tape that the appli(!ant is liable to 
(jncounter is tluj little piece used to tie up his approved plans with the 
official papers by which they are accompanied. 

Whil(j it is not pra(;ticablo for any one to determine in advance what 
layout of spans for any i)ro]ios('d crossing will meet with the approval 
of th(5 War D(ii)artm('nt, it is g(‘iierally known what tlu; usual requirer 
ments are for (iach principal river. By the way, though, these very 
properly vary on Ihc diffident stretches of the stream, lieing more severe 
near the mouth tlian in th(^ vicinity of the head of navigation. On the 
Missouri Riv(T, as high uj) at l(‘ast as Omalia, tlu' minimum clear open- 
ings between i)iers im) four hundred (400) fe(4 for high bridge's, and two 
liuntlred (200) f(‘(^t for the swing spans, ami three hundred (300) fecit for 
the fixed spans of low bridges; and the clciar hc'adway above high water 
is from fifty-five (oo) to fifty (50) fec't for high bridgc\s and tc'n (lOj fciet 
for low bridge's. Henveveir, coue*e'ssions are sornetirne's made in rcs])ejct to 
the ve'rticjil e*le*arance of low bridge's; because all that really neicids to be 
assurc'd is that the bottom eihords arc high enough to avoid danger from 
injury by floating tre'C's and logs. 

As the width of river is rar(;ly sue»h that a eie'rtaiii number of spans 
of minimum h'ugth will c'xactlj" covct the stream, it is ewide'nt that in 
most e*ases tlic're will arise the eiuestiem of whether it is best to short c'u 
or le'ngtheni C'ach span or to plae'c a short span at one end of the brulge. 
The* ele*e*ision will geiie'rally be' in favor of either the last-me'iitioned method 
or the cMiual lengthening of all the spans, as the De'jxirtment is loth to 
bre'ak its e'stablislu'd rule's, and tvill imt do so if it can be avoidc'd. 

When an engineer is retained upon a bridge project for the crossing 
of a. navigable' stre*am, of which he doe's not know the War De'partment’s 
reeiuirements for clc'ar sjian and e*le'ar lu'ailway, the first ste']) for him to 
take is to write the^ Chief of l^ngineers and re'e]uest him to state, cithc'r 
officially or othenvise*, as he^ may prefer, what in ordinary case's would be 
the^ said reeiuiremie*nts. At the same time ho sliould e'lideavor to learn 
what is the Dc'iiartment’s interpre'tation of the' te'rm “High Water,’' 
be'causo on some' rive'rs the ( U>veriim(»nt. has established standard high 
watc'r grade' lines that are materially lower than the' e'xtrenio high water 
elevations; and if such a stamlard can be use'd for the high water men- 
tione'd in the Company’s charter, a material saving in both grade's and 
mone'y can often bo effeetie'd. This is especially true in the case of pro- 
jeicted low bridge's to be built as close to the^ wate'r as practicable. 

The following ciuotations are' c'xtracti'd from a CfOvernme*nt jiubli- 
cation e'lititled “F^aws for the Protection and Pre'se'rvation of the' Navi- 
gable Wate'rs of the Thiited States.” Only those clauses which toue*h 
cither directly or indirectly on bridgework have been chosen. As thc'y 
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are takon from Acts passed at several different times, they involve a 
ccTtaiii amount of repetition, whieh it is hopcnl the reader will pardon: 

'‘That it shall not be lawful to ronslnirt or eonimcnro the construction of any 
bridge, dam, dike', or caiisi'way ove*r or in any port, roadstead, haven, harbor, canal, 
navif^able rivc'i*, or otlier iiavijJiabk' water of the UiiittMl Slates until the consent of (?oii- 
jjress to lh(^ buildiiij; of such slriiclurt's sliall have been obtaini^l and until the plans for 
the same sliall liave bcH'ii submit 1 (mI to and approved by the Chief of Enginec'rs and by 
the Secretary of War: Phon idko, That such struetiires may be built under authority of 
the legislature of a State across rivei*s anil other waterways the navigable portions of 
whieh lie wholly within tlie limits of a single State, provided tlie loeat.ion and plans there- 
of are submitted to and approved by the (*hief of Engineers and by the Secretary of War 
before construction is commenced: And Puovidkd PrirruKu, "I'liat. when plans for any 
bridge or otlier structure liave bi*i'n approvisl by tlie Chief ''f iMigineers and by the 
Secretary of War, it shall not be lawful to deviate from such plans eitlier before or after 
completion of the structuri* unless the luiHlitication of said plans has previously been 
submitted to and reci*ived the apju’oval of the Chief of bhigineers and of the Secretary 
of War. 

“'J’hat the creation of any obst ruct ion, not nflirmatively authorized by Congress, to 
the navigable capacity of any of tlie waters of the I'niti'd States is hereby prohibitial; 
and it shall not be lawful to build nr commenee the building of any whai*f, pier, dolphin, 
boom, weir, breakwatc'r, bulkhead, jetty, or other structure in any port, roadsti'ad, 
haven, harbor, canal, navigable' river, or otluT wateT of the rnite*el State.s, outsiile^ 
establislu'el harbor lines, or wheae no harbor line's have b(‘e*n e'stablisheel, (‘xe*(*pt on plans 
reeommeneled by the' (’liief ejf Engineers anel authorize'd by the* Se*eTe*tary of War; anel 
it shall not be' lavful to excavate eir fill, e)r in any manne'r te) altc*r e>r moelify the e*enirse', 
location, conelitie)n, e»r ca]):ie*ity eif, any port, rojulste'ad, have'n, harbe)r, e*anal, hike’, 
harbor of re'fugi*, or iuflosure within the* limits e)f any bivakwati'r, or e)f the e*hanne'i e>f 
any navigable^ watea* e^f the* rnite'el State's, unli'ss the* work has be'cn re‘e*ommcneIeel l)y the? 
(’hief of Engine'e*rs and authorizeel by the* Se*eTe‘tary of War prior to be'giniiing the same. 

‘‘'riiat wlu*re* it is made* maiiife>t tp the* Se.*cre*tary of War that, the e'stablishment of 
harbor lines is e*>M*ntial to the* pre*seTVation and pre>te*ction of harbe^rs he may, anel is 
he*re‘l)v, aiilheirizeel to e-au>e such line*s te» be* e'stablisheel, be*ye)nel N\hie*h no pie*rs, wliarve's, 
bulkhe'ads, or other works >hall be* eNte‘ni|e*eI orelept)sits maele, exce*pt unele*r .such regu- 
lations as may be pri'icribeel from time to time by him: Pite)Mi>KD, 'Phat. w’he*ne*ve*r 
the Secre*tary ejf War giants tei any pe*rson eir pe*rsons pe*rmission te? e'xte*nel piers, wharve's, 
bulkheaels, ejr fjthe*r weak**', or to m;ike* de*posits in any tielid harbor or rive*r eif the IJnite'el 
States be-yond any harbor lines e\‘.tablisheel uiuler authority of the l'nite*el State*.s, he? 
shall e*ause to asce*rtaini'el the jimeamt of tiele'-wate*r elisplaceel by any such strue'ture? 
or by any sue*h ele-po^its, aial he sh:dl, if In* ele'cin^ it ne'ea-ssary, re‘e|iiire the? partie*.s to 
whom the pernuV.'-ion is given to make conipe*n.sat ion feir .such elisplac;e*me*nti e*ithe*r by 
excavating in se)me part eif the' haibe*r, inclueling tiele-water channels l)e't.we‘e'e*n high anel 
low water mark, to .such an e;\te*nt as to cre*ate a b;i-in for a.s much tiele? w'ate*r as may be 
elisplaceel liy .sue*h structure or by sue-h ele'posit.*-*, ejr in any othe*r mejele that may be? 
fiat ishictory to him. 

“'Fhat (?very person and evi'ry corporation that shall viedat.e any of the j)rovisie>ns 
of .section-s nine', te*n, aral f'leve n of this Act, or any rule or reigulation maele by the? 
SeeTe?t;iry of W'ar in pur.su.*inf?e of the provisions of the? .saiel si?e*tion eleiven, shall be? 
fleenit?d guilty of a miMle*me‘.‘inor, anel on cemviction there*of .shall be piintsheel by a 
fine ne>t e.*xe*e*i*eling t we*nt y-live? hunrlre'el dollars nejr le*.ss than live? hunelreel dollars, or by 
iniprisonm(?nt tin the* e*ase* of a natural j)e*rson), not e?xcee'eling erne yc'ar, or by both sue*h 
punishments, in the eliscre*tion ejf the* court. Anel furthe*r, the* removal of any structure*s 
<ir parf.s of structures ere*e*te*el in violation of the? provisieins e>f the saiel sections may be 
« ijfe>re(?e] by the injunction eif any circuit court exercising juri.sdiction in any di.strict in 
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which such stnicturcs may exist, and proper proceeding's 1o flu’s (»nd may be i?i.sfifu((*d 
under the direction of the Atlorney-Cleneral of the llnifed States. 

“That it shall not be lawful to thn»w, discharKe, or dep(jsit, or cause, sutTer, or pro- 
cure to be thrown, discharged, or deposit ('tl (‘itlier frfHii or out of any sliip, l)arge, or 
other floating craft of any kind, or from the shore, wharf, manufacturing establislunenl, 
or mill of any kind, any refuse matter of any kiml or description whatever other than 
that flowing from streets and sewers ami jMussing therefrom in a liciuid state, into any 
navigable water of tlie UnitcHl Stat(»s, or into any tril)utary of any navigable water from 
whi(!h the same shall float or be washed into such navigable water; and it shall not be 
lawful to dc'posit, or cause, sufTer, or i)roeure to be deposited maUTial of any kind in any 
place on tins bank of any navigabk* water, or on th(! bank of any tributary of an 3 " navig- 
able wat(T, when? the same shall b(‘ liable to })e waslu'd into such navigable water, either 
by ordinary or high tides, or by storms or floods, or othcTwise, wheri'by navigation shall 
or may be iinpedcxl or obstructed: Pkovidko, 'I'liat nothing herein eontainc'd shall 
extend to, apjfly to, or i)rohibit the op(‘rations in conm'ction with the improvement of 
navigable waiters or construction of jmblic works, considercMl n(*cessary and proper by 
the United Statc\s oflicers supcTvising such improvenuMit of public work: And Pko- 
viDKD F.'RTifKii, That the Seendary of War, whemwer in the jinlgnu'nt of the Chief of 
Engineers anchorage and navigation will not be injurf'd ther(‘bv, may i>ermit the de- 
posit of any matcM'ial above inentiomMl in navigable wat(Ts, within limits to be defined 
and under conditions to be prescribed by him, providf‘d application is made to him prior 
to de])ositing such material; and whenever any p(*rmit is grant (*d the conditions 
lh(‘r(*of shall be; strictly complied with, and any violation thcai'of shall Ix' unlawful. 

“That whenever the Seendary of War shall have good reason to ludieve that any 
railroad or other bridge now construct(‘d, or which may luTcafttT be* constructed, ov(*r 
any of the navigable; wateTways of the Unite*d State's is an univasonalde obstruediem te) 
the fre*e* navigation e)f such wate*rs on ae*count eif insuflie'ienl height, width of span, or 
otherwise*, or whe*re the*re* is diflie'ulty in passing the elraw opening e)r the elraw span e»f 
fiue*h bridge by rafts, ste'amboats, or eithiT wate*r eTaft, it shall be the eluty e)f the saiel 
Secredary, first giving the jiartie's re*asonable eipportunity te) be* he'ard, to give ne)tice 
te> the p(*rse)ns or e*e)rpe)rat ie)ns owning or e*ontrolIing suedi briflge* so to alter the same as to 
re'mle'r navigation threaigh e)r unele*r it ivasonably fre*!*, e*asy, and unobstriiede'd; and in 
giving such neitice he* shall spe*<*ify the ch.ange's re*e‘ommende*d by the* C’hie*f of l*]ngine*ers 
that are* re*(iuire*el tej be* made*, and .'^Ivill pre*scribe* in e*ach e*ase; a reaseniable* time* in 
whie'h le^ make them. If at the e*nel of such time the alti*ratie)n has ne>t be*e‘n maele*, the 
Se*eTe*tary of War shall feirthwith neitifv the I'nileHl State's district attenne*y feir the* 
elistrie;t in whiedi sue*h brielge* is situate'd, te) the e'liel that the* e'Hininal pre)e*e*e*ding.s he'rein- 
afle*r me*ntie)ne*el may be* take'ii. If the ])e*rse)ns, ce)rpe>ratie)n, eu* asse>ciatie»n e)\Miing en* 
controlling any railreiael e)r either brielge* shall, afte*r re*cciving ne)tie*e‘ tei that e*lTe*ed, as 
he*re*inbe*fore* re*eiuire*d, freim the* Se'e*redary eif War, :inel within the time* preseTibe*e I by him 
willfully fail eir ivfuse* tei re*me»ve the same* eir te) e*e)mply with the lawful e)rde*r of the 
Se*crcdary of War !n the pre*mise*s, suedi pe*rse)ns, e'orpeiratiein, eir asseiciat ie>n shall be 
ele*e*meel guilty eif a misele*me\*ine)r, aiiel ein e*onviedie>n the’ie'of shall be* punishe*el by a tine* neit 
exe;e;e*eling five; theiusanel elollars, anel e*ve'ry meinth suedi pe*rse)ns, e*orporation, or associa- 
tieiii shall re*niain in ile*fault in re*spe*et to the n*moval or alteration of suedi brielge shall 
be ele*e*me*el a ne*w olTe*nse, anel subje'ct the persons, e'orpeirat iem, or associatie i so eifTenil- 
ing to the; j)e*naltie's above ])rcse*ribe'el: I’ueivima), '^riiat in any case arising uneU*r the 
provisieins of the; se'ctiein an appe*al or writ eif e*iTor may be* taken from the; elistrie't e*ourls 
or from the; existing cire*uit ennirts elireet to the Supivmo Ceiurt eitlu'r by the I’niteel 
State's or by the el(*fenelant.s. 

“That it shall be the duty eif all pe*^)!^ eiwaiing, operating, anel toniling the elraw- 
brie]ge;s now built, or wdiiedi may he*re*afte*r be built across the; navigable* rivers anel othe*r 
waters of the Unitexl State*s, tei open, eir cause to be* opene'el, the elraws of such bridges 
unelcr suedi niles anel re'gulatieins as, in the; o])inion e)f the Secretary eif War, the publia 
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interests require to govern the nixMiing of draw hritlges for the pjussago of V('ss(*ls and 
other water eraft, ami such rules and regulations, when so made ami ])ublish(Ml, sliall 
have the force of law. livery sueli p(‘rsoii who shall willfully fail or refuse* to open, or 
cause to opc'iu'd, I la* draw of any such bridge* for the i)assage of a boat or boats, or who 
shall unreasonably th*lay the ope*ning of saiel draw after ri*asonabl(! signal shall have 
been given, as ])re)vid('d in such re*gulat ions, shall be d(*e'nHHl guilty of a inisdi*ineanor, 
anil on convict ion thereof shall be punisli(*d by a fine of not more? than two tliousand 
dollars i)or less than one thousanil dollai*s, or by imprisonment (in the ease of a natural 
l)erson) for not exe(*(*iling one? yi*ar, or by both such fine and iinprisonm(*nf, in the 
eliscrelion of the court: Pkovidiid, That the proper action to enforiH* tlie provisions of 
this section may be eejinmenced be*fore any commissioner, juelge*, or court of tlie rniti*d 
States, and such I'ommissioni'r, jmlge, or court shall proei'ed in ri'SfM'ct there*to as au- 
thorized by law in case of crimi*s against the I'nite'e! States. Phovidkd FriiTiiKU, That 
wh(*n(*v(*r, in the opinion of the Secretary of War, the public interests ri'quire* it, he may 
make ruli\s and re*giilations to govern the opening of dra\\bri«lges for the passage of 
vessels and other wat(‘r <‘raft, and such rules and ri*gulat ions, when so maele and pub- 
lished, shall liave the force of law, and any violation thereof sliall be* punishe*el as here- 
inbefore* provieled. 

^‘That expi'iises incurred by the Engineer De'partme*nt in all invi'st igat ions, in- 
spcctions, hearings, reports, seTvie*e of notice, or other ae-tion incielental to e*xanunation 
of [dans or site's of briilges or other struedure's built or proiiose'el to be built in or over 
navigable waters, or to e*xaminations into alleged violations of hn\s for the protee-tion 
and preservation of navigable* waters, or to the e*stablishment or marking of harbor lines, 
shall be jiayable from any fumls whie*h may be* available for the* improvement, main- 
tenane'C, opi'ration, or e*an* of the vate*rways or h.arbors atTee*te<l, or if sue*h fumls are* not 
available in sums judgi'd by the Chii'f of luiginee'rs to be* aele*quate*, thi'ii from any 
funds available for examinations, siu*veys, and contingene*ies of rivers and harbors.** 

Tho following extract from a (5ov<‘riim(*nt (lofiiniont, issued liy tlie 
Dcpartmcml of ( oiimie*re*(* anel Laheir and cntitleel “Laws Redativo to 
the Light-House Estahlishnient/^ Iw^urs upon the' subject of liridges: 

**That any person, firm, company, or corporation re(|uire*d by law to maintain a 
light or lights upon an}' bridge* (;r abutments ove*i' or in any navigable* wate*rs, who shall 
fail (jr refuse to maint;iin such light or lights, or to obey any of the lawful rule's anel 
re'gulations relating to the* same*, shall be* eh‘e*nie*d guilty of ;i misele*nie*anor anil be sub- 
ject to a fine mjt e\r*eeeling the sum of one huneln*d elollars for e*ae*h otTi*nse*, ami e:ie!h 
day eluring whie*h sue*h violation shall continue shall be* consiele*re*e| as a nf*\v olTe*n.sc.** 

It is not worth while to reproduct* here all tlu* (Jovernment rult's and 
rt'gulations for the lighting of liridges over navigabltj strt*ams; but the 
officers of any company owning or operating such slruclun*s shonld cor- 
respond with the War D(*partm(»nt so as to asct'rtain just what the r(*- 
quin*ments arc in rcsi)ect to each particular case, then adhere strictly 
to such requirements. 
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WATKttS 

From tlie procoding cluipter, it is soon that tho War Dopartment 
n^qniros certain data siihinitt(?d along with tlio application for a permit 
to briilge any navigable? stream. To s(‘ciiro such data it is m^cfcssary 
to make' a survey. While it is be'ing maelo it is wedl to enlarge its scope? 
so as te) seM'ure all the informatieni reejuire?el in de'lenniniug the layout 
and the ])e)ssible Ire'atrneiit of Ihe rive?r se) as be'tte'r te) protect the strueduro. 

'Fhe be'st site having be'e'ii sottle'el upejn fe)r the locatiejn of the bridge, 
it re'inaiiis te) sup])le*me'nt tlie? ])re*Iiminar\" survey with tho information 
ne'e'ele'el by the War De'paidme'iit in i)assing e)ii the application. Tho first 
ste'p is to run an ae*curate? traveTse line e)n oae*h siele of the riveT anel as 
near the bank as pe)ssible, se) that ‘^*re)ss shots” may be taken as a check 
e)n the ae*curacy e)f the' we)rk. The'se trave'rse? line's shoulel e'xtonel at le'ast 
e)ne mile' above* the? brielge' and a half mile' below it, or further if it be? 
iie'e*('ssary to loe-ate ))e'iiels that Avill affe?ct the' matter e)f shore pre)te*ctie)n. 
The*s(‘ two traverse line's should be* ae*e*urate‘ly e*haine*el anel their angle's 
(pre'ferably azimuths) e*arefully ivael, se) that with tho ‘‘e*ross shots” a 
e*ontre)l syste'ju will 1)0 e'stablishe'el as a basis for the? further work e)f get- 
ting te)pe)gra])hy and hyelre)graphy. Tlie le'vel she)uld be? run ove'r the 
traverse' line's, and an elevation she)uld bo e'stablishe'el at each angle i)e)iut 
fejr future' use*, tlu'se* angle ])e)iiits thus be'e'e)ming beue*h marks. 

This syste'in of e*ontrol havfkig be'e'ii e*om])le'teel, it become's an e'asy 
matter to start fre)m any e)f the angle i)oints and, by stadia, to se'cure 
the* to])ography of the? valU'v atlVeded by Hoods, anel to locate any imi>rove- 
me'iits in the* are'a uneler ce)nsieleration. Also from tliese same* angle points 
the* ])ositions e)f the dilTe*re'nt se)undings e*an be re'aelily le)cate'el by stadia. 
This ine*the)el re'e|uire‘s e)Jily one transit and ono transltman. It gives 
pe)sitive re'sults which e'anne)t be e)btaiiu'el by tho mellu)el of trying to 
ge't the* l)e)at e)n range be'twe'e'u two flag-pe)le's. It has a further aelvan- 
tage* e)ve'r the ele)uble' transit me'fhoel in that the stadia m('the)el is elefiniti? 
fe)r all i)e)ints, whereas the ele)uble transit nie'the)el be'e*oines uncertain as 
the two line's e)f sight approach ])aralle'lism. 

Fe)r tho purpe)se' e)f making se)unelings, a light i)e)le' graeluated in fee*!, 
and tenths is be'st for shallow streams anel ine)elerate velocitie's. For 
eU?e?per rivers e)r st.re)ng('r eairrents a lead line is employeel; anel a fine' 
ste'cl wire anel he'avy le'ad may be use'el fe)r very swift current. The* man 
making tho se)unelings gives the? signal te) the transitman e)n shore as to 
when to observe pe)sition; and at the same time he notes the ele])th anel 
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calls it to the assistant in tlu^ boat, who records the exact time and the 
depth, ("are must bo taken to ensure that the pole or lead line is ver- 
tical and that the U^ad is on the bottom. It is absolutely essential that 
all the watches of the pai-ty used in recording time agree precisely; for 
if not, s(Tious troubh' may b(‘ (»ncount('red in the jdotting. The transit- 
man on shore reads tlu' a/imuth and the stadia and notes the exa(;t time, 
lecording all thre(' of tlu'se in his book, eitlu'r pcTsonally or by calling 
them to an assistant. The vernier is k'ft unclampcd for rapid motion 
of th(' transit, which is preferably controlled with the lc‘ft hand follow- 
ing the motion of the boat. TIh' tel(\scope shoukl l)e clamped on the 
horizontal axis and manipulated by the gradienter screw with the right 
hand, the watch lying ojxai on the plate of ilu^ instrument. With a 
little practice* the motion of the boat can readily be followed and read- 
ings rapidly made*, '’fhe transitman signals the boat when he is through 
making an obs(*rvation. AVh(*r«' tlu* shots are* not te)e) cle)se te)geihe*r ho 
e*aii de) his e)wn rece)reting; but, otherwise*, he* will re*(iuire an assistant to 
ke'e'p the* ne)le*s. On e*le*ar days half mile shots e*an be* take*n. The slaelia 
be)arel e*an be slipp(*(l inte) a socke*t in the* l)e)at, ])n'pare*el for that pur- 

])ose*; anel it can be* sle*aelie'el by erne of the crew. 

'I'he ])le)tting of these* ne)te's is a simple matter anel can reaelily bej 

eleme with a. large* ])ape*r ])rotrae*tor anel ])a])er se*ale*. The senmelings 

shoulel be* re'eluc*e'el to ele*vatie)ns se) that e*e)ntours can be> drawn for the 
river beel as well as for tlu* fleuxl jdain. All data pe*rtaining to high anel 
le)W wate*r line's slujuld be plae*e*el e>n the map. 

It will be* ne*c(‘ssary te) asce*rtain the elire'e*tie)n and stre'iigth of the 
e*uiTe*nt. If a current meter is ne>t available, fie>ats can be* use*el fe)r the 
purpe)se. A piee-e* e)f 4" X t" timber abe)ut thre*e» fe*e*t lemg make's a ge^oel 
lle)at. It e*an be* le)aele*d at erne? e*nel withfj)i(*e*e*s e)f irem se) that it will re- 
main ve*die*al in tlu* water, we*ight f'nemgh be*ing use*el to submerge* the 
stie*k te) within a few inches e)f tlu* wate*r’s surfae*e*. I^y having a hole* at 
tlu* end, a small flag e*an be e*niplejye'el, thus insuring that the lle)at will 
be* reaelily seen by tlu; e)bse*rve*r eiii shore. Tlu* (le)at e*an bei elre)])peel from 
the; be)at, tlu* ])e)sitie i of which is ele*termine‘el by tlui transitman in the 
nianne'r j)revie)usly elese*ribeel; anel it can be* picke;el up by ane)the*r boat 
le>we*r ele)wn stre*am, the signal being give*n at the* sariiei instant te) ne)te the 
pe)sitie)n anel the* e*xae*t time*. If two boats are ne)t available*, ranges pe)le*s 
can be use*el fe)r the le)we!r statie)n, anel a man locat(*el e)n shore in linej 
with the pe)l(*s se) as te) signal the transitman Avhen the* fle)at e*rejsscs the 
line*. It we)ulel be* be.*st te) re*j)e*at this obsefrvatie)n seve*ral time's in oreler 
to e)btaiu a re*liablei average*. The beiat ejaii fe)lle)W' the* float ele)wu anel 
f)ick it uj) after it eTe)sse*s the? line. In case? of a wiele stream it we)ulel be^ 
be*st to nu*asurej tlu; vele)e*ity ale)ng elifTe're'iit le)ngituelinal seM;tle)ns e)f the) 
e haniu'l. It she)ulel be re*ine»inbem!el that the ve*le)e*ity thus ase;e*rtain(;el is 
"Urfae'c veloeaty, anel is k*ss than the maximum and greater than the 
iije*an. 
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These various data should be incorporated into a neat hydrographic 
map and profile for presentation with the application. The map should 
show the banks of the stream, the location of the proposed bridge, the 
high and low water lines, the observed water lines, the different directions 
and velocities of the current, and the soundings giving the depths at the 
various points as actually recorded. The survey should be properly 
tied in to a section comer so that its location can be identified on any 
of the standard maps. 
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il^STHETlCS IN DESIGN 

With the recession of jiioneering eoniUtions, the accumulation of 
wealth, and the p;eneral acquisition of cailtiirc there comes a stronger 
and more insistent call for structures that iih'ase the eyc'; hence^ the en- 
gineering profc'ssion, in order to luH'p pace with the advancing demands 
upon it, will need to giv(‘ more and more attention to the icsihetic; (luali- 
ti(\s of its creations. To do this the engiiK'cr must have soini^ conception 
of those underlying principle's of tlu' science of a'sthetics which alTect 
his work, and also a realization of whose ('ye' ho should strive to jile'aso. 

The foundation of a'stlu'tics is of the suhje'ctive orde'r — ^the equality of 
the imjire'ssion made on the mind of the observe'r by the thing observe'd. 
liy varying enther one of the'se basic factors (/. c., the' ine'utality re'ce'iving 
the impression or the external object causing it) the' iuqm'ssion will be' 
changed. Witness the dilTere'iit coue'options of the' be'autiful and artistie* 
he'ld by the various divisions of the human sj)e'cie*s during the succe'ssive 
stages of their e'volutiem. The coiielitie)n e>f me*ntal ele've'le)])ment has 
much to do with the ple'asing effe'e*t, or lae*k e)f it, j)re)(luced by the obje'ct. 
Hence the science of a'sthetie's is of a re'lative orele'r and will gradually 
change with the ele‘veloi)ing mind. We canned- as yet regard its pre'cepts 
as absolutes and immutable. Such a condition can be e'slablishe'e! e)nly 
when tlui unde'rlying basic princi]>le of artistic science is ce)rre'late'el with 
psychology anel expre'ssed in te'rins thejreof. That basic law will the'ii 
accenmt for anel j^re'elict the changing standards and prece]ds of a'sthe'tics. 
This point of vie'W is valuable' in approaching the' sul)je'e*t of artistic de'- 
sign and in sele'ctiiig a standarel e)f e‘xc('lle‘ne*e' by which to me'asure the 
deficie'iicie's of engineering structure's from Ihej a'sthe'tic jioint of vie'w. 
Artists and archite*e*ts have' formulated various te'iie-ts during the? ])ast 
centurie's de'fining their ce)nceptions of the artistic. 'Vo the;se the* e'ligi- 
ne*er must look for his first provisional standarel for comparisem, re'me'in- 
bering the?ir origin and the conditions atte'iiding it. as we'll as the g('ne?ral 
limitations surrounding any such standarel. 

The beist pre'se'ntation that the author has over see'u of the philosophy 
underlying artist ie? eh'sign as related to bridgeis is that of his frie?nd, the? 
late Henry Van Hrunt, I^sej., who at the' time of its writing was acknowl- 
edg(?d by liis profe'ssional brethr(?n to Im? one of the for(?most living mas- 
ters of the seaence of archite*e;tur(?. Upon n*que?st Mr. Van lirunt se?t 
forth his ideas in a letter to the? author, writte?n spe?(?ially for publi(?ation 
in his De Poniibm; and as the? truths state?d therein arc as pertine?nt 
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today as W('r(' at llui i\mc. tliry \v<m-o writt(‘ii, tlui said l(*tt(T is h(»r(*- 
witli roproduccHl. 

“My Deiir Mr. WmUlell: 

“After looking ov(t a i>ortion of your instnictive treatise on bridges, I find it quite 
impossible to comply with your request to furnish you with practical suggestions from 
an architectural point of view jus to grace and beauty of design in such structures. As 
these qualiticis must be d(*velopcd from the structure itself, as th(!y must be evolved 
from it,s inluirent economicjil and practicjil conditions, and as they cannot bc^ succ.c'ss- 
fully jipplicMl to it JUS an aftertliought, it woukl be unbecoming for any layiiuin to at- 
tempt to sliow by whjit jirocess this evolution is to he acromplislKHl. The problem is 
not an (*jusy one; it is not to ijc* solvcsl by theory, or by any accident, of invention or in- 
genuity. At jm'sent, ;it least, it c:in only be treateil on general lines. Indeed, there is 
no one living, 1 fear, wlio cjin suggest, a specific and eiu^ily applicMl rc*medy for that dis- 
ease of enginecTing which is exprcsseil in the* curious fact tluit the most f)erfect n'sults 
of sci(*nce, at legist in th(‘ jirt of st(H*I-britlg(‘ buihling jis now understood and inculcated, 
do not recognize any theory of beauty in line or mjuss. 

“It is the business of the Jirchitect to express stnictun*. and purpose with beauty. 
It is the busini'ss of the (*ngineer, jis 1 undei'stand it, to make structures strong, durjiblc, 
rigid, and ('conomical; to Jipply pun; science, excluding, as a matter of principle, any 
device of art which, for the sake of mere ornament jit ion, may add to his fjibric a pound of 
unnecj'ssjirj' W(*ight or ji dollar of iinnecessjiry cost. 

“ It cjinnot be (h'uied tluit to wluitever extent the exercise of this principlfJ nuty have 
alTecIt'd the practice of ('ngineers, they hjiv(‘ succi‘(h1(*c1, i*sf)('cially as regards bridge- 
building, in developing ji structure which is in every esseritijil respi*(!t orderly, con- 
sisti'nt, and y)rogn\ssiv(' from ji jiracticjil point of view. From yejir to yejir this develoy)- 
inent. toward mechjinicjd i)erf('cti()n luis bmi plainly visible. The structure of ten 
years ago hjus be<*n n^asoujibly ami i)rop(*rly siq)erseded by another and better structure, 
indicat ing ji ymicess of growth without a sluulow of caprice; in this process discovery and 
invention have luid their pn,])er influence, uninterrupted by any conservjit ive prejudice 
or by Jiuy theory of dcsigu which <lo(‘s not rest directly on praclicjd considerations. 
Hut, jis 1 have already observed, this julmirjiblf^ jiiid prolific; pnjgress hiis not carricMl 
with it JI corn*sponding progress in grjice juid bc'jiuty of dc'sign. In fact, these qiuilities 
sc'cin to jipj)ear in :in invcTsc' proportion to the dc'velopmc'iit of tht» struct und scheme 
towjird the practiced idea of strength, stability, Jind econoni}". (\)n.s(*quently the 
stronger, the more rigid, the more* (‘cononiical the* structure', the more uncompromising 
juid the more hopeless it seems to be in rc'spc'ct to bc'iiuty. The modem steel-girder or 
cantilc'ver bridge*, while*, jierordiiig to our pre'seait knowle*dge, it is ])erfectly aelaptexl to 
its uses juul func.tions, is in nt'arly e*verx' cast; an ofTenst* to the lamlscape in which it 
occurs. Its lines, sintT they have cejistnl to be struct und curve's, have be'e*e)me luirel and 
jisce'tie; nudhe*mat ie‘:d e'xprc'ssions, and have not been brought inte) any sympjithy wlmt- 
eve^r with the luitural line's e)f the stre'jim whie*h it cre)sses, of the oppe)site* banks w’hich 
it connc'cts, of the; meadeiws, fore'sts, and mountains amemg which it is phiccel. All 
sylvjin e1Tee:ts e)f harnmny are; shockt'd by its eliscemlant intrusion. The* vjist jiqucelucts 
of the KoniJins, the* jirche'd brielge*s of stone*, the t'att'iuiry curv'es of the me>elerii suspen- 
sie)n brielgt's with their high teme*rs, jmd some* forms of bridge's constructed with bow- 
string girele*i*s, jire; mem; e)r Ic'ss jiflilijited with the* natund e'onelitions, so tluit they give 
no shoe-k, sjivc fre*e|uent ly of plc'asure* at their expre'ssieui of gnice anel fitness. Hut wo 
are jissuri'd that tlu'se strue'tural feirms are obsolete e^r are be'cenning obsolete, anel that 
the st might brielge-t russ syKinning from pier to pie*r, the cantilever overhanging the 
pe'rileais jibyss, the pivot im I draw-span, jill constructed with cold geome*t rie,*al precision, 
with luirel, unf('e*ling lines of tc'iision Jind compressie)n, have* take»n the'ir place, to the gri'jit 
advjintage of the railreuids and the grejiti*r se'eairity of the public. It is in vjiin that the 
conscientious engineer occjisionally attempts to i;om])romise with gmee by ornamenting 
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his intorsociions b}' rosoMcs or buttons of cast iron, or by roaring a sort of arch or portal 
of triumph at the ontranco to his bralgo with a lavish display of inotal shell-work, 
scrolls of forged iron, and tables cast and gildc^l with nairu^ and dates. But the com- 
promise comes too late; the main essential lines cannot be condoned by afterthoughts of 
this sort; and as far as the eye can see, these lint's, though they may satisfy the rc^ason, 
generally alTront th(^ sense of beauty. 

“Nf)\v it .«!eems to me imjwtant to note that the methods of nature always cul- 
minate in infinite expressions of beauty, and that beauty is an essential part of the 
principles of natural growth. Ilie Great Crc'ator never makes anything, animate or 
inaniimite, ugly in making it strong or swift or durable, or in fitting it to the economy 
of nature. Grace is a part of the system of creation. Is it reserved for man in his 
secondary creation to make things unlovely in proportion to their complete and perfect 
adaptation to the satisfaction of his practical needs? Is this difference significant of 
some quality which is wanting in our science? 

“But, it may be said, if a steel-trussed bridge, economically and wisely const ruct('d 
according to our pn'sent light, offends our ideals of grace and beauty, the fault pc'rhaps 
is not in th<^ structure, but in the rigidity and immobility of the ideals which have bc'tm 
establisheil by (‘onditions long since outgrown in the progress of science. The attempts 
of the English bridge-buikli'rs in iron in the early part of the century to meet these old 
idc'as resultiHl in constructions which, though they may satisfy the eye of the artist, 
and combine more or less gracefully with the landscape, are uneconomical and un- 
scientific. The ijriiiciples of structure involved arc? incorrect, and uniwicessary (w- 
pense was incurred in forcing into the design features (jonventionally acceptable, but 
which had nothing to do with the structure, and which in fact were a hindrance* to it, 
concealing rather than illustrating it. 

“Ihe jirchitect will not find it difficult to agree with his brother, the engineer, that 
a mask of ornamental <‘ast iron, covering the esst'ntial features of the structure in onh'r 
to force upon it an t'lfect of grace*, is illogical in the extrc'me. Indeeel, a gre'at me)ele*rn 
maste'r eif architecture* has laiel down the axiom: ‘A form wliie^h aelrnits of no explana- 
tion, or which is mere* e*at)rice, e*annot be* beautiful; anel in architeM'ture, ce*rtainly, every 
form which is not inspireel by the) stnicture ought, therefore, to be rcjecteel.' The* ejon- 
scientie)us mexlern architect aims to shape his design accoreling to this reasonable limita- 
tion, anel he has bee*n thereby enable*d to i)n)e!uce oe*e*,jisional effects of beauty without 
imposing on his ce)mpe)sition a single idf*a whie*h^is not suggestoel eithe)r by the structure) 
or by the u.se of the building. Even a factoiy, a giusomete*r, a railway Bhe)d, an ele*vator, 
neeel iie)t challejiige* the are*hitect in vain to imKluce e*lTe*cts f>f fit news ne)t entire*ly inconsis- 
tent with the requirements eif art. Iruleed, the e;ngine*e*r himse*lf, with axiemis eir maxims 
of art, has, in the evolution of the reM)f-t ru.ss, the loe;ome)tive*, anel many inelustrial 
machines, suce*e*e*el(*el in satisfying ieleals eif beauty in the ve*ry proe;e)ss of making the;in 
pe)werful, compact, anej ee;one)mical eif mate*rial and spiace. The) moele*rn ste?el-armorc*el 
w.ir-ship has alrejady, in this e*arly stage) of its rapiel elevelopme*nt, substitutc*el for the 
id(*as of maritime be*auiy, spe;e*el, anel stre*ngth whie*h pre)vaileel in the time eif Nelson anel 
the othe*r gre*at histejrie*al aelmirals, and which we*re cele;brate*el in the songs of Dibdin 
and (.'anqibell, an eiifire*ly different iejeal, harelly Ie*ss imposing, tliough as ye;t without 
poe'tie; receignition. But the evolution of the steel-trusseel bridge has jls y(*t satisfiexi 
iieithe*r oM ieleals of bejiuty, imr hjis it maele new ideals. Its essential lines are elrawn in 
apparent elisregarel or contempt for grace of outline eir elegance of detail. Thp difficulty 
seems to Vie inherent in the present approvcel structural system of designing horizontal, 
straight, open- trussed girders or cantilevers, resting on rigiel vertical piers of masonry 
or iron, without regard to any other considemtions excepting tliose of statics. The eye 
requires to be satisfied as well sis the trained intelligence, and demands not only grace of 
proportion, but a certain deciorative emphasis expn»?sive of especial functions. The 
primitive post and lintel structure of stone w'as as hopeless, apparently, as its modern 
derivative, the stecl-trussc<l bridge, until the Greeks, with unerring instinct of art, con- 
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verted it by perfectly rational procesHcs into that ideal expreRsion of beauty which is 
known as the Doric order. This Doric order is a structure which depends less upon 
subsidiary d(H;oration than upon proportion for its unparalleled success as a work of 
art. The Parthenon would still be lovely without the sculptun^s of its friezes, 
metopes, and pediments. Its columns, reduced to dimensions whi(!h cncnimber them 
with no useless brute mass of material, w'ore so treatcxl with entasis, capital, and 
fluting as to express exactly members in vertical compression; its lintels were so 
subdivided as to draw attention to, and to illustrate, all thcar functions in the 
structural scheme. They contained no featim^s of caprice or fancy. Now the 
essential qualities of the sUiel-ginler bridge differ from those of the post and lintel 
of the Greeks bec^ause, in the former, the siruciuni of the lintels permits of a 
wider spacing of the posts, and the posts have assumed the dual furu^tion of pi(T.s 
for vcrt.ical support and of buttre^sses to withstand the horizontal pn'ssures of the stream 
in whic!h they are built; the lintels, in their turn, have lost their quality as compact, 
solid, homog('neous rniisses, have b(ien resolved into distinct elements, and liave become 
a complicated and highly artificial o[)enwork contrivance of light steel members, which 
in their dimensions and art iculations have been so combined in tension and compression 
as to pnaluce a stnicture capable of sustaining without change of form not only its own 
weight between bewaring points far afwirt, but that of moving trains, and of bearing with- 
out detriiiK'nt vibrations and wind-im'ssiirc's, and the expansion and contraction of its 
mat(‘rial by changes of temperature. 

“These compound lintcds or truss(\s are in themselves triumphs of mind over matter. 
At this moiiK'nt they express a stage of evolution which h:us bc'cm in pnx'ess for a century, 
and which doubtless will continue to devc'lop in dire(!tions impossible to anticipate. 
They are striKitures not (h'dicateil to the immortal g(Kls, like the post and lintel of the 
Greek t.('mi)k's, the d('corativ(? character of which w'as largc'ly inspired by rc^ligious emo- 
tions, but d<‘vised to me(‘t secular and practical conditions of an cxco(*dingly iinpoetic 
and unimaginative character, 'fhe mind of the architect api)reciates the fine economy 
of these sensitive and complicatiid organisms, but it also recognizes that, they are still in 
active procevss of d(;velopm<»nt.; that tiny are on trial, and will not reach final rc'sults until 
they shall liave assumcHl those? conditions of grace and beauty which are essential to 
completion. It is evident enough that all the ft»jitures of perfection in animals have been 
very gradually evolvtnl, by survival of the fittest and by ailaptation to use, from the 
awkwarfl and monstrous shapes of the aiitetliluvian period; that geological erosion and 
drift have cUithcMl the naked rocks with beauty; and that the whole vegetable creation 
hiis been improved by art. Nature herscif is not contenteil with imiastic dogmas. In 
like manner, the locomotive, the steam-engine, the motlern w'ar-ship, have all become 
objcH'ts of aw'ful beauty, not becausi? of the imposition of unnecessary filatures, but be- 
cause of the natural and reasonable growth of their essc’iitial structure. 

“If, tlic'refore, the ugty character of the prestmt steci-trussed bridge is in itself a 
proof of the immaturity of the science wiiich ha.s produccMl it, the remedy, of course, must 
reside in the perf(*cting of the schmee, and this process of perfecting will b(? quickened, if 
beauty is recogniztKl in engineering as it is in architecture, as an aim and not as an 
accident of growth. 'Flic architect guides and hastens this progress towards the perfect 
type by fundamentally composing his structure with a view* to an agreeable proportion of 
its parts; in detail he studies to emphasize the special and important points of his stnic- 
turc by a dcH?orat.ive treatment wiiic-h shall indicate conventionally the? character of the 
work accomplishc?d at these points. It is true, perhaps, that the structural forms of 
materials with which the engineers have to w’ork, especially in bridge-building, arc? 
hardly so elastic and manageable? as those at the command of the architect even in his 
simplest and most sevcTciy prac?tical problcmis; but it is none the lc?ss true that the train- 
ing of the enginecT leads him t(K> often to an absolute disregard, if not contempt, for those? 
refinements of proiK>rtion and outline, and for all those delicate adaptations and ad- 
justments of detail, which, though i)crhai)s separately slight, and apparently of small 
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importance, in combination tend to give clislinction and a character of fitness and grace 
to works otherwise, from the point of view of art, riiilely immature, basely mechanical, 
unnecessarily and insolently ugly. 

‘‘Mr. Henry James says that the hVench talk of those who see vn Iwau and those who 
see en laid. The performance of the modern steel-bridge designers w'ould certainly s(?cin 
to place them in the latter category. It is not less certain that this result comes not 
from temperament, whieJi is natural, but from training, which is artificial. The severe 
and absolute conditions in which the bridge-builders work do not prevent them either 
fn)m great tlifftrences in manner and method of clesign, or from fn'quent and unnecessary 
extravagances of expenditure; but these extravagances are rarely, if c»ver, lavisla'd in the 
service's of beauty; because the cold am! rarefied atmospheni of science and mechanical 
utility, in which they are accustome<l to lab<ir, has grailually frozen out the finer natural 
instinct which works for art and elegance in design. Beauty of proportion has often 
been proved by mathematics; but inathematic.s, when it. has been allowed to be the only 
element in the development of a problem of construction has n(»ver accomplished 
beautiful results. Such results do not come by accident in any work of design, but by 
the liberal and generous observance of natural laws, 'riie education, therefore, which 
from the beginning does not give some recognition to grace, y)roportion, elegance, as 
essential parts of construction, must be misleading and one-sided, and cannot lead to 
perfection, 'fhe recognition of these cynalities, 1 am entin'ly persuaded, docs not 
necessarily imply any .sacrificci of practical accuracy in design or of mcchani(;al y)recision 
in workmanship, nor need it alTect materially that fine economy which is essential to 
perfection. \ory sincerely yours, 

Henry VA^, Brunt.” 

From the forogoinp; hdter we may pjather l)y direct statement or by 
implication the following? precepts: 

1. A structure must In* in harmony with its environriUMit and not 
appear as an intrusujii thennui. 

2. (lood pjeneral lines an* first n(*c(*.ssary as a basis, th(*n a consistent 
scale or proportion of ])arts. 

3. Mere ornamentathm generally Jiffronts the sense of harmony and 
fitness. 

4. Methods of natunj always culminate* in e.xpressioiis of b(*auty. 
Methods of nature also culminate in the survival of the iitt(*st. Hence 
our conc(*i)tioTis of beauty have as a basis fun(*tional (*fli(*i(*ii(*y. 

5. Owing to man's mental inertia, the rigidity and immobility of the 
ideals established by old conditions prewmt i)r()p(?r njcognition of the? 
progn*ss of science and of the ne(*ded modifications in standards. 

(). A form wliicli admits of no (*xplanation, or which is nuTO caprice, 
cannot be beautiful. It must have and show some purpos(^ in its ge'iK'ral 
relation. 

7. Kach part of any structure should l)e lr(*at(*d in such a way that 
its function tlierein shall be^ apparent and emphasized according to the 
importance of tliat function. 

8. Such (*mphasis may be attain**d by decorative tr(*atinent indicating 
conventionally the charactcjr of th(^ work acfromplisluHl by the part.. 

9. DifTenuit kinds of material iis(*d in structures call for different 
treatment and varying aesthetic standards. 
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10. Tho present stc(*l-truss(Hl bridges is inherently ugly; but with the 
furthcT p(Tf<i(;ting of the scic^nec; of bridgti design, and a recognition of the 
fact that beauty is an aim and not an accident of growth, aesthetic forms 
will be evolved. 

The undtirlying thought connecting these precepts is that tho struc- 
ture must b(5 fittcid for the work it is to do, that it should express the 
truth, and that imitations and falsities are vicious and outside the realm 
of rational aisthetics. 

L(‘fc us proc('ed to (consider mor(‘, in detail tluj sciveral precepts above 
foimulatcd. To seciurc^ hannony bcjtwecm the structure and its environ- 
mi*nt mc^ans the mcjrgirig of its general outlines with those of the land- 
scape. In this conneertion, it should be nirneinbenMl that tlu^ bridge will 
likely bo seen from various angles, and that (\ach view-point will cause 
its own individual imj)ression. In cas(^ of conflicting impressions, it be- 
comes a matter of good judgment as to which should control. The merg- 
ing of outlines can usually be sc(aire<l by attention to the ap])roaches, 
l)y (extending tho hand-rails b<\vond the structure propcir, or by curving 
th(i wing-walls of tluj abutnuMits. A small arch or girder span can often 
hi' givtMi dignity by lengthoiiing the approac^h walls or hand-rails. An 
illustration of this is the Wabash Railroad Bridge', over the main drive 
entrance to Kon'st Park, St. Louis, Mo., shown in Kmjinccring Newny Vol. 
LII, page 4IU. An example of the disn'gard of this primaple is the arch 
at Multnomah Falls on the (k)lumbian Highway, Oregon, in Avhich an ex- 
t(*nsiori of the hand-rail on tlu' right bank would have tied the structure 
into th(^ ground and prevc'iited the unpleasant fcf'ling of abruptness that 
must ini'vitably strike the observcT. This defeert could readily bo over- 
come by|)lanting shrubbery in a mass at the end of the present hand- 
rail, thus ])«'rniitting th(' structure to merge into the landscape. 

Thi) achiev('ment of go<xl geileral liiw^s is best attained by a study 
of the ]>rofile of the structure. 

Then^ is no b'atiire of a bridge so pleasing to tli(^ eyc's of all observers, 
cultival(*(l and ignorant alike, as perfc'ct symmetry in the layout of spans; 
(!ons('(]U('ntly it should b(‘ attained wheiK'ver i)racticable, even if some 
extra ('xpt'nsi'. be involvc'd thereby. ITiifortunately, the conditions are not 
always favorable to p('rfect symmetry of dc'sign; for the bed-rock ^vill 
often dii3 rapidly, and thus necc'ssitate the use of spans of different lengths, 
and the chaniK'l of tlu^ river often refuse's to keep at midstream, persist- 
ing in hugging one shore'. In suedi case's it bee'omes ne'cessary to do the 
be'st eniej can with the unfavorable conditions, and te) make the structure' 
sightly, if not symmetrical. If the're be a draw-span on one side of the 
river, it is best gene'rally to make all of the fixe'd spans alike. Should 
e'ach sueice'ssive span — because of the graelual shelving off of the be'el-rock, 
and for the sake; of e'conenny — be; maele; longe'r as the; bed-rock ele'('])e'ns, the; 
re;sult will be unsightly, even if the increment of span length be re'gular, 
for the reason that to an observe'r there is no apparent motive for thus 
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diversifying the spans. Any divergence from symmetry and regularity for 
which there is a sc'lf-evident reason produces no unfavorable impression 
upon the beholder, altliough it may be sufficient cause for failure to excite 
his admiration for the structure. If one can see at a glance the raison 
d'Hre of all the principal parts and peculiar features of a bridge, his sense 
of fitness will lx; satisficxl and his general impression will be favorable; 
but the; iK'ariT the approach to perfect symmetry and the* more artistic 
the outlines, the more thorough will be his appreciation of the general 
effect of the structure. 

The outline of a bridge should not be monotonously straight; nor 
should changes in outline be too abrupt, unless thcTC is an apparent rea- 
son therefor, such, for instance, as a heavy intervening mass of pier. The 
best eff(?cts are secured by outlines changing by easy transition from one 
form to anotlKT. An example illustrating abrupt changes in outlines and 
lack of pro])(T transition is that of the ("hicago, Milwaukee and St. Paul 
Railway ("ompaiiy^s bridge* at Sixteen Mile Creek near Lombard, Mon- 
tana, illustrated in Jacoby & Davis’s book, ‘4<'oundations of Rridges and 
Jhiildings,” page 450. In case of simple truss spans, a polygonal top 
chord giving the effect of a smooth curve adds much to the pleasing effect 
as well as to the economy. The harsh outline's e)f a cantilever bridge can 
generall}" be reli(‘ve*d by making the chords simulate a curve. Most 
eantil(‘ve*rs offend in this revspe'ct. 

In proof of this statt*ment are e)ffeTeMl the laj'outs shown in Fig. 25o 
and 256*, representing two great ^Mississippi Kive'r bridges, viz., that at 
M(;mphis and that at Thebes. These construeitiems are; inherently ugly. 
In respe;ct to the* latteT structure the author maele; a compe;titive; ele;sign 
on the basis of using simide; spans of the* same length as those* of the* e;an- 
tile\'e*r brielge*. He found the former layout to be no more; e*x]M*nsive; 
and he is confiele*nt that it is much theHcnore a'sthetic, in spite; of the fact 
that it eliel iwt win in the competition. It is illustrate*el in Fig. 52c, the 
c(;ntral span having a le*ngth of 072 feet anel e*ach ^f the; e)the‘r s])ans a 
length of 522 f(;e;t. The; former is simply a pre)portie)nal e'lilargement of 
the others. It might have* improv(*el the app(*aranc(* te) make (.*ach end 
span 472 feet long anel (*ae;h span aeljace-nt thereto 572 feet long so as 
to obtain a graelual incre;ase; of importance in spans from the e*nd’of the 
structure to the; middle, as shejwn in Fig. 52r/, but the ge)vemmcntal 
conditions die! not pe;rmit. Moreover, the change woulel have* ineTe;ascel 
slightly the te^tal we;ight of me*tal, anel the ixjund* price would have been 
augment(;d a little; bejcause; of the* re;duction in the amount of duplication. 
In the last figure it will be ne^ticed that the proportional redue;tion pre)- 
cess adopte*d for the submitted design has been carried into all four of 
the minor spaas, and that the effect thereof is ple*asing. 

As furthe;r evielence that it is possible to make ejantilever bridges 
SDsthetic, there; is shejwn in Fig. 52a a photographic study of the author’s 
proposeel Ijridge across the entrance channel to the Harbor of Havana, 
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Cuba. It is submitted that the outlinc^s have a graceful appearance, and 
that the layout is cpiite (economic, for lh(^ distaiu^e from ecmtre to centre 
of main pic'rs was fixcnl by local (conditions, and it was found advisable 
to make the; suspended span iis long as practicable in order to provide; 
a wide oix'iiing for the full ch'ar headway. The leading dimensions of the 
proposed structure are as follows. 


Main opening from centre to cemtn; of piers. ..... 808 feet 

L(*ngth of susp(;nded span 400 feet 

L(*ngth of each cantilever arm 204 f(;et 

liength of each aiuchor arm 200 feet 

\'(Ttical ch'arance above watcT at mid-span 196 feet 

I^itto at ends of suspended span 190 feet 

AVidth of main roadway 42 f(‘ct 

Width of ('ach sid(;walk 8 feet 


Grades in each direction to middle of suspended span, 5 per cemt. 

All('ntion is called to the sjural approach, which is described in 
Cliaj)ter XLV. 

Attention is called also to a nov(;lty in the picture shown in Fig. 52u, 
for it ^'presents the structure as it will n^ally appc'ar after compl(‘tion. 
The way this eff(;ct was obtaimnl was as follows: 

Th(T(' was purchas(»d from a Havana photographer a long panoramic 
phoi(;graph of tin; city, the harbor, and the adjacent vac’ant land on the 
lc‘ft-hand side of th(' chaniK;! as one ent(Ts; and tlie camera position of 
the picture; was rnarkc'd on a plan of th(' locaticm and of the bridge, a 
profile of the; latter Iw'ing also shown on the; same sheet. A thorough 
study of the principles of panoramic perspective made it possible to con- 
struct the picture of the bridge and its approaches on the large photograph, 
which was aftcTward hmIucchI. The result was so succc'ssful that many 
people have been (lee('iv(»(l by it, thinking for a while that the photo- 
graph was tak('n from the finished structure. Of course', a cari'ful ('xam- 
ination of the iiictun' wilt quickly show the incorn'ctni'ss of such a first 
im])r('ssion. In the preparation of this pic.turc; tin; author was aided by 
Senor Horacio Ilevia, a young Guban draftsman, to whose good taste 
and ability is due the satisfactory style of its finish. 

This device can be usc'd to great advantage in studying the aesthetics 
of any layout, for it enables one to detennine how the completed structure 
will a(;tually look. 

The last design of the Quebec Bridge submitted by the commission 
of engineers is inferior in icsthetics to the design of the structure which 
fail(;d, as the chords of the former are in straight lines which intersect each 
other abruptly. The (;nds of the structure also offend the eye by their 
abrupt termination. By making some slight changes in the outline it 
would have been practicable to improve greatly the appearance. Com- 
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paring that design with the design of the proposed New Orleans Bridge, 
by Dr. E. L. Corthcll, C. E., as illustrated in Fig. 526, one is struck by 



the superior ap])earance of IIm^ latter. It is true that the main span is 
much shorter, being only one thousand f(iet long as against eighteen 
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hundred feet in the Quebec Bridge, nevertheless that docs not militate 
seriously against the legitimate drawing of a comparison of the sestl.etics 
of the two stru(;tur(‘s. 

In 1904 the autlior made a study, with full detail drawings an i esti- 
mates of cost, for a proposed singlcvtrac?k, cantilever railway brid^^e, de- 
signed for future double-tracking, across the Strait of Caaso, Novi^ Scotia. 
The main span was cightiKUi hundred and thirty feet long — thirty 
feet longer than that of the (iuebec Bridget In the author’s r^csign the 
feature of artistic ap|:)eanince was given full consideration, and the layout 
was miule as lesthetic as the limitations of his personal experience and 
taste ixirmitted. In onh'r that th(^ rt^ader may comi)arc lor himself the 
three layouts mentioned, they arc reproduced and shown together in 
Fig. 526. 

In many bridgivs what would otherwise be a pleasing outline is siK>ilcd 
by the introduction of massivii ornamental portals at this ends and intru- 
sive towers at the iiiteruK'diatc ])iers. Euroix\in bridges offend in this 
resiwct more than AiiK'rican structures. lOxarnples of this are the Tower 
Bridge? at London, the Rhine Bridge at Mainz, and the Worms Highway 
liridge over the IthiiK?. A comparison of the general lines of these bridge's 
witli those of the Brooklyn Bridge, the? Eads Bridge? at St. Louis, the? 
('hestnut Stm?t Brielge over tlic Schuylkill Rive'r at Philade'lphia, aiiel 
the Washington Brielge over the' Harlem River in New York ('ity, re?sults 
greatly to the advantage of the American designs, mainly bc'cause of 
their simplicity us contrasted with the over-ornamentation of the European 
structures. 

It is not permissible to e'orre'ct the hard, rigiel outlines erf a span by 
the use of additiejnal parts whieii falsely pnxrlaiin a different function 
for the members or confuse their action in tla? structure. An illustration 
of an offeiLS(? of this nature is that of tin? Ni?w York C'entral Railroad 
Belt Line Bridge over ('olviii Street in Buffalo, N. Y., as illustrated on 
page 404 of Jacoby & Davis’s ‘‘Foundations of Bridges and Buildings.” 
Th(?r(' the attempt was made to giv(' tin* ])lat(* gir(h*r spans soiiK'thing of 
an arch ('ffect l)y introducing (‘longate<l curved l)ra(?k(*ts below Mu? lowiT 
flanges of the girdi'rs and adjacemt to tin* posts. 'Fhe falsity of this con- 
struction is made conspicuous by the continuation of the lowi'r flange? 
angl(?s in a straight line? over tin? full length of the girder. A furth(*r 
offense? to the eye occurs in the lightnc'ss of th(? tai)ering columns for ar(?li 
constriKftion and their evident insuffich'ncy to withstand tlu? bending that 
such construction would put on them wIh'U tlie bridge is partially loaded. 

In addition to adopting a plensing outline or profik? for the bridge', 
attention must also be paid to the? scale or proporfJon of the? i)arts. Tliat 
is, the parts should bear a harmonious relation to cacih other and to the 
whole, and should appear to be of the same conci'ption and not as if they 
\WCTG details taken from oth(?r structures and illogically fitted together. 
In this connection it must be recognized that habit plays an important 




52d. Alternative layout for Proposed Bridge over the Mississippi River at Thebes, 
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part in our concoption of projK*!' scale or relation of things. Those pro- 
l)ortions which by long usage we have become accustomed to we regard 
as fitting and pleasing; so that a departure from such recognized stand- 
ards is often confusing and disapiiointing. This sense of scale is con- 
ventional and is acquired. When a new structural material with different 
physical properties is introduced, a scientific and consistent use of it 
offends our jireconceived idea of scale and pro])ortion, until wc have be- 
come habituated to its rational utilization and thus have modified our 
former concei)tion of harmonious projiortions. This again brings us to 
th(* question of whose eye the ('iigineer should strive to please. Is it 
tluj (‘ye of the man looking backward to the old ordc^r of things, or the 
eye of the man anticipating the ajiproaching ])hase of evolution and 
attempting to adjust himself and his standards to the coming innovation? 

Ornamentation can have no other justifi(*ation than that it serves to 
render clear or to emphasize tluj function of a iiK'inber in the structure?. 
Distinction must be made? betw(‘(‘n a])propriate and inappropriate, neces- 
sary and umiec(‘ssar\", and ('xpensiv(‘ and inexpensive decoration. For 
instance, while it is always ])ropcr to adapt the? linens of a structure to 
the production of the‘ most grace?ful effe‘ct, providc'd that in so doing no 
sacrifice of constructive' excelle'iice be thereby involved or extra expense 
incurred, it would ofte'ii be injudicious to e'xjK'iid money on pure? deconx- 
tion. The builder probably cannot spare the mone'y, and the location of 
the structure may be such that any extra expense for ornamentation 
would be absolutely waste?d. If a bridge is to be loe'ated where it will 
be seen constantly by many pe'ople, it is well to spe'ud extra money to 
make it sightly, be'autiful, and in ke'e'ping with its surroundings; but 
when it is to be placed in a de'nse fore'st or on a sandy desert where it 
would s(?ldom be? s(?e'n, it would be folly* to spe'iid any more on its con- 
struction than is calk'd for by the engineering reepiireme?nts of the (!on- 
ditions, due? allowance? l)e?ing made*, of course, for a possible peopling of 
the forest or desert in the? not very distant future'. Many JOurejpean 
bridge designers have? been guilty of violating this e?con()mic consiek'ration. 

Functional e?fficiene?y — the ability of any me'inbe'r or ek'tail to jx'rform 
the duty assigiie'd it in an efficacious way — is a most valuable criterion. 
If any part can be re?nde?re'd more e'fficient l)y a modificatiem, then such 
a change? is to be made. It may me'an that our testhetic standard will 
require some readjustment, Imt the ultimate? outcome? will be a harmon- 
izing of that standard with the attainine'iit of maximum e'fficie?ncy. Take 
as an example the case of curved struts. The're have be?en advocates 
of such, and even users there?of, in large and irniioi tant bridges; yet to 
the mind traine?d in stress analysis this is a monstrosity not to be tole?r- 
ated. As a be?tter understanding and greater appreciation of the iirin- 
ciples of mechanics come to the layman, a change? in his standard will 
take place. This brings us once more to the question of whose eye the 
engineer should attempt to satisfy. 
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The introduction of unnecessary parts or forms that liave no appar- 
ent or sufficient purpose or connection with the structure is to ho avoided. 
These detract from the fundamental objcjctive. An (example of the vio- 
lation of this principle is the Tower Bridge of Jjondon. This case has 
l)(ien well set forth by H. II(;athcote Statham, Es(p, Fellow of the Royal 
Institute of British Arcjhitects. The following (luotation is made from 
his paper on “The Architectural Element in Engineering Works," pub- 
lished in the Journal of that society of May 20, 1899. 

“The Tow(!r liridgo is iin exjimple of a difTercmt kind; it represents the vice of tawdri- 
ness and pretentiousness, and of falsification of the actual facts of the stnictunj. It 
is stated tJiat the exterior clothing was designed by an architcMit; he cannot have been a 
very eminent one, as we never liear liis nanic^; it looks to iia? more like what i*esults 
from the advertisement, we sorra^times sec -‘Wanted iinmefliately a draftsman; must be 
an expert (lothic hand* — it is draftsmairs ar(;hitectur(j. The (exceedingly heavy sus- 
l)ension chains an^ made to appear to hang on an ornamental stone structure which they 
would in reality drag down, and the side walls of the ai)f)arent.ly solid tow'er rest on part 
of the iron structure, and you could s(»(» under thimi b(*fore t)i(i roadway was miulc up. 
All archite(!ts would have much pn'fc'rnHl the pLiin stc'cl stnudure to this kind of a sham. 
Tlui same kind of spirit is sliowing itself in tlie treatment of inmwork; capitals insert I'd 
wherii they have nothing to do with the structure, spandrels filled in with bad Gothic 
tracery, and so on. If iron is (Unsigned on good liiu's, it will look better in itself without 
these gewgaw’s. We could not have a b('tter example of this than the (salerie dvs 
MacMncs at Paris; an iron-roofed striudure on the grandest S(!ale, in whi(*h there is not 
a parti(!le of decoration, and yet which is so fine and imposing in its effect that it deserves 
to be called a great wc^rk of architecture as well as of engincx'ring.** 

Th(^ uuthor, wlio luis so(*n mul ('xamiii(*(l thoroughly the Tower Bridge, 
endorses unecpii vocally these strictures of the eminent British architect; 
and in addition he would state that, in his ojnnion, the structure has the 
honor of being the most monumental example of extravagance in bridge 
construction in the world. For l)ut a small perctmtage of the entire 
cost of the bridg(^ a far bettcT and more e(Ti*(divc structure could readily 
have been built. Any American engineer travelling in England would 
do well to visit th(' bridge so as to see for himself how far in that country 
extravagance in design can 1)(^ carried and to what an ('xtent the important 
factor of efficiency can be ignored. Many other Euroiiean bridges fail in 
respect to a^stludics b(‘(\‘iuse of inappropriaie ornamentation, such for in- 
stance as exaggerated portals highly bedi'cked with trimmings that outrage 
good tinste. 

Th(5 discAission of this last i)rinciple li'ads by antitlu'sis to the next 
one. If it is undesirable to have superfluous members or parts, them, 
on the other hand, those ])ai*ts which are necessary’' should have that 
necessity made appamit by receiving such treatment as will fittingly 
proclaim their function and importance in the construction. Many struc- 
tures otherwise satisfying fail in this respc'ct, es])ccially thos(5 of masonry 
and concrete. TIk^ introduction of reinforc(»d concrete of late years has 
givcm an impetus to the building of arch spans, a type of structure that 
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admits of jesthetic treatment far more readily than do truss spans. Many 
arches fall short of their best effect just because sufficient attention hiis 
not been giv('n to this principle of making evident the function and rela- 
tive importances of each part of the structure. Their usual defects arc 
as follows: 

Failure to dc'fiiie the' arch ring by letting it merge into the spandrel 
walls without any paneling for relief. 

Failure to define the skew backs or springing lines of the arch. 

Failure to sc'paratc the spandrel wall from the handrail by a belt 
course conforming with the grade of the roadway. 

Failuns to subordinate the handrail to the main part of the 
structure. 

Failure to give the piers distinctiveness and the ignoring of the fact 
that the more important part of the pier is below the spring line. 

The main portion of tin* improvement in architectural effect in Ameri- 
can bridg<' engineering practice which has taken place in the last dc'cade 
(and it is by no means inconsiderable) has come through the exti*nsivc 
building of r(»inforce<l-concret(j structures. Th(‘ following examples, s('- 
lected msiinly from the author’s practice, will scTve to illustrate some of 
th(? progress in bridge aesthetics tliat has been made by reason of this com- 
paratively new material, which adapts itself so readily to the produc- 
tion of forms phrasing to tlu^ artistic scaise of the beholdc'r-'-at least, more 
strictly speaking, ihvy will show what the author has been striving to 
do in order to improve the ap]jearunce of his structures. 

Fig. 52c shows a photograi>h of the Colorado River 15ridge at Austin, 
Texas. It is situated on the main street of the city leading to the State 
(,’apitol. On that account it was urgent that the struct urn b(‘ made as 
sightly as the limitc'd amount of the aj^propriation would permit. The 
said amount was §200,000; and as the bridge is oru^ thousand (1,000) 
feet long and fifty (50) feet wide from out to out, and as the pier founda- 
tions were somewhat expensive, on account of trouble's incident to hard 
foundation material, it wjis a difficult matter to k('(»p the cost within 
the appropriation. This wjis just barely acc.oinplishcMl; luaicc there was 
no money available for ornamentation. Perhaps this was just as well, 
for the simplicity of the design is probably its most pleasing attribute— 
at least this opinion has been ('xpr(\ssed by a number of persons whose 
taste is indisputable. 

Fig. 52/ shows a photograph of the Arroyo Seco Bridge in the ( Hty 
of Pasaflena, ('al. In this case also the appropriation was small — too 
small, in fact, for several reasons, (hiriously enough, the limit was 
exactly the same as that of the Austin Bridge, viz., $200,000; and no 
persuasion of th(5 author’s was (?ffective in having the jimount incrc'ascul. 
It was ciuestiomihle whether a propc*r structure ciould be designed so 
that the (*ntire cost, including the (mgin(;ering, could be kc^pt within the 
limit, and to settle the fiuestion the author sent to his office an outline 
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of the design, with exceedingly full data for estimating the cost, and had 
a complete detailed estimate prepared. It showed that the work could 



be done with a jjossibh' margin of $2,.')()0; ami in eonse(|uenee, the au- 
thor’s firm was retained to design the bridge and supervise its construe- 
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tion. There was an unfortunate condition which governed the layout, 
viz., that if the structure were built entirely on tangent the crossing of 
the stream bed would involve either a much longc'r span or a deeper 
pier than would a location a short tlistance below, for the bed-rock curved 
suddenly in i)laii from a wide to a narrow gorge. The engineers of the 
city who had stiulicd quite carefully the conditions before the author’s 
arrival on the ground, had laid out the centre lino of structure partly on 
tangent and partly on curve so as to avoid the wide portion of the gorge. 
The author obj('cted most strenuously to this location, begging the mayor 
to arrange' for tlu' small iiicreaso of six thousand dollars, which his officjc 
reportc'd as the estimated c'xtra cost of the structure if built on tangent — 
but to no avail. As a last appeal he remarkc'd: ''P^Ir. Mayor, it is all 
very well for \'ou to state that the people' of your city imde'rstand the 
rc'ason fen* building the structure on curve; Init i:i the future whem in- 
tellige'iit pc'ople view the bridge tlu'y will exclaim ‘V/hat kind of a city 
engincM'r did they have, what kind of a consulting engiiie'C'r did the^y have, 
wdiat kind of a mayor did they have to permit of sue*h a violatiem of sound 
engineering princi]iles as to build a structure' on a curve when it could 
have' been shorte'iied and, tlu'refore, clu'apene'd by laying it out on tan- 
gent!’” To this the mayor rc'plied: ‘‘I know it, but I cannot help it. 
We must build the clu'aper structure.” Unfortunately, the re*al re'ason 
for the peculiar layout is hidden from siglil, as the rocky sides of the 
deepest part of the ge^rge' arc* e‘ove*re*d with cU'bris. 

The' In’idge was built by contract and just within the limit of the 
appropriation, llveryone is delighted with its appc'arance; and, strange' 
to say, one of the* priue*ipal fe*atures of the structure to which the inhaln- 
tants ejf the city point with pride is the gracc'ful curve at its (*aste'rn c'liel. 
However, the* author was riglit when lie* made his final apjM'al to the 
maye^r, for on several ejccasions lately when visiting in Ualiforiiia, and 
espc'cially once when lecturing to the engine'cring students of the* State* 
Unive*rsity, he was askeel by certain observing persons to e'xplain the 
raison (Petre of the; curve in plan. Xotwithstanding this unavoidable 
flaw in the structure*, the^ e'emditiems of the surremneling se'ene'ry are* se) 
fave)rable; to the; de;ve'l(jpme'nt e)f a'sthe»tic cemstructie>n anel tlie; stuely 
of the layout was se) e*tt*ectively maele that residemts anel visite)rs alike* 
are unanime)us in thear appre)val of the appearance e)f the striie'ture. 
From an e?ngine*e*ring stanelpeiint Uie author wishes to ])ut himse*lf e)n 
re.‘ce)rel to the ('fleet that while* the entire bridge is designe'el and ])uilt 
in strict conformity with the be*st enginee*ring practice, the live loaels 
providc'd for are small and the spans we*re not figure*el for carrying ele*e!- 
tric railway traffic, anel arc rrnt cajiable for doing so without e)verloaermg. 
It is true that tiu* city authorities ele*sirc;el to kee*]) the; car line's away frejin 
the bridge for all time; and to use it solely for j)l('asure elriving; but the 
day will j)robably come* when some ultilitarian adrninistratie)n will want 
to run cars e)ve*r the bridge, and the*y may eve*n decide to do so in spite of 
the fact that it was not dc'signed to carry such heavy loading. 




Fig. 52/. Arroyo Seco Bridge at Paisadena, CaL 




Fig. 5-2li. Capitol Avenue Bridge over Fall Creek at Indianapolis, Ind. 
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Fig. 52(7 shows a photograph of iho Twelfth Street Trafficway in 
Kansas City, Missouri, lately completed, th(^ engineering having been clones 
by the author\s firm. Two studies were preparcul, one involving a laj^out 
of true archers, ami the either a layout of girders ornamented by curving 
slightly the bottom chords, as shown in the i)hotograph. Hoth the au- 
thor and Ins partiKT ])r('fc»rred the arch layout, notwithstanding that its 
jesthetic effeict was som«»what marred ])y llu^ existeiwie of the lower deck; 
but the otluT design was adopte'd l)y the' city authorities not only on ac- 
count of the someiwhat smaller expe^nditure involve'd but also because 



Fkj. 524 . Woriuill Hoad BridRe over Brush ('r('ok a! Kansas C^ily, Mo. 


its app(\‘irance J)1 (\‘is(mI tliein l)ett(T. The lim's of the arch design wcto 
certainly the mon* classic, biit th(' slightly curved bottom chords of the 
girders, in spit(' of the falseness of their function, ccTtainly have a most 
pleasing eflect . 

Fig. 52/i shows a photograph of a very artistic nunforced concrete 
l)ridge, coven'd with a v(Mi(H*r of cut stone', locat(*d over Fall Crec'k on 
Capitol Av('nu(' in Indianapolis, Ind. It was dc'signed by Robert C. Bar- 
nett, Esfp, und('r the* supervision of the ('inincnt landscai)e engineer, 
Ceorge E. Kessh'r, 10s(|., (\E., to whom tlu' fiiK' artistic elh'ct of the 
bridge is mainly du(\ 

Fig. 52i shows a ])liotograph of a small r('inforc(*d concrete' arch bridge 
on Wornall Road over lirush Crc*('k in Kansas City, Missouri. It was 
designed by the author’s firm for the Park Board, and has a most pleas- 
ing appearance and appro])riat(' sc'tting. 

Fig. 52/ shows a ]diotograph of the Tunkhannock Creek Viaduct, built 
by th(' I)('lawar(', Lackawanna, and Western Railway Company at Nichol- 
son, Pa., on a 4B-mil(' n'location of a ])ortion of tlu' line lietwc'i'n Scran- 
ton, Pa., and Binghamton, N. Y. As this is the largest railroad viaduct 
of its kind in the world, a detailed description of it will be given, the 
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data therefor and tlie photop:raph having been furnished through the 
court('sy of G. J. Uay, Escp, C.E., the Chief Engineer of the road. 

It is a double-track brulge, 2,375 feet long, 240 feet high above the 
creek, and 34 f(H»t wide from face to face of parapet walls. All piers are 
carried to bed-rock, which is reached at depths from 10 to 100 feet below 
the; surface of tlu' ground, making at the deepest pier a diffenmee of 300 
feet in (*l(‘vation bc'twc'en bed-rock and top of rail. The viaduct con- 
sists of ten ISO-foot and two 100-foot full-centered arches, the latter being 
abutment arches. TIk' main arches an' divided into two parallel ribs, 
('ach 14 feet wiile and (i f('('t apart; and the crown thickness is 8 feet. 
Each arch is surmoiintc'd by eleven 13' (>" transverse spandn'l arches. 
They carry two reinforced coucn'tc' parapt't walls, each 3 f('ct thick and 
4 feet above tlu' top of rail, for the protection of derailed trains. The 
abutment arclu's are also built in two ril)s. A floor system similar to 
that of the' main arches is continiK'd to the centre of each abutment span. 
The heavy af)proach fill covers the other half and slopes through the 
hollow superstructure, completely concealing tlu' abutment arch, yet the 
fill does not come iiixm the )>ack of the last main arch. 

Considerable* thought was givc'n to the architectural feature's of the 
design. The 4' 3" ce*nt(*ring ledge was eove'rc'el with steps and paru'led after 
the C('iitr(' was rc'moved. Panels were also placed in the parapet walls and 
pilasters were used te) n'lieve the otherwise j)lain surface's. The piers 
were scored to hiele the liorizontal constriu'tion joints. The scoring is 
spaced 1 fee't ai)art. l^ach 4-foot lift contains 235 cubic yards of con- 
crete which was run in one ojicration. 

The* viaduct contains 1()7,()()0 cubic yards of concrete and 2,300,000 
pounds of re'iiiforcing st(‘(*l. The volumes of the e'arth and rock (*xca- 
vations for the* ])ie.*rs W(*re 40,000 and 3,500 cubic yards, re'spective'ly. 
Work on the^ viaduct started in AuguSt, 1012, and required three years 
for its completion. 

Too much cannot well l)e said in praise of the artistic e'fTe'ct of this 
great structure'. The* imme'iise* size* of the* bridge, the* rnassivene'ss of the 
(*ntire construction, I lie* pe*rfe*ct symme*try e)f the layout, the exact simi- 
larity of the nume*re)us spans, the* e.*omple»te* se'ini-earcles of the arclu's, and 
the) harmonie)us effe'ed e)f the* suj)e*riTnpe)S(*d ele'tailing all appe'al femiibly 
to the a\sthetie; s(*iise* of the* trained bridge engine*e*r; and the impre*ssion 
producejel upon the* miiiel of the layman e*anne)t fail to be* truly satisfying. 

Amemg the* aut heir’s most succe*ssful studies of a)sthe'tie*s in ste'el brielge 
constructiejn are* the two Xew Ze*alanel are;lie*s and tlie* Frase*r Hive*r arch 
of the C. N. P. R. R., ele‘scril)e*el in (,4iai)te*r XXVT anel shown re*spectively 
in Figs. 20/i:, 2()i anel 2i\j. It is unele*niable' that the are*h is the most 
artistic of all types e)f brielge*s, fejr its grace*ful line's are always ple'asing. 
It is to be) lie)pf*el that as time; passes Arne'iican e*ngine;e*rs will make) a 
practice of aele)pting it for all e*rejssings whe*re) it is suitable. 

The advent of new material with different physical i)ropcrties from 




Fig. .1?/. Tunkhannock Creek Viaduct on the Delaware, Lackawanna and Western Railway. 
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those customiirily list'd pltict's the desisiu'r in the need of a now stand- 
ard of aesthetics. In di'volopins such a standard, the fundamental cri- 
terion of fitiu'ss will 1)(' that of attainin**; the highest functional efficu'ncy 
and employing it in tlu' appt'arance of the ('iitire construction. Wlu'ii 
this is attaint'd, tht' old staiulartls will gratlually be made to conform 
to the new conditit)ns. 

In suggt'sting that ‘^if a steel trussetl britlgt', ectmomically anti wist'ly 
constructetl accortling tt) our ]u*t'st'nt light, oITt'iids our itlt'als t)f grace 
and beauty, the fault pt'rhaps is nt)t in the structure, but in the rigitlity 
and immobility of tht' itlt'als which havt' bet'u establishetl by conditions 
long sinct' outgrown in tht' ])rt)gress t)f scit'iict',” Mr. \'an llrimt has prob- 
ably iiulicatetl the lint's of convt'rgenct' of engineering practice and archi- 
tt'ctural itleals; for whilt', as beftire stalt'tl, much can bt' dtaie with most 
bridge designs to iinpnivc them without increasing their cost or affecting 
thtar efficiency, on the otht'r hand, it is t)ft('n im])t)ssibl(' ft)r an engineer 
to modify a britlge tlesign so as to metd fully the critical objt'ctioiis of a 
gootl architect withtiut introtlucing featurt's both faulty anti expensive. 
However, it must not bt' inferrt'd from the ft)rt'going that the author 
is defentling the many l)ridge tlt'signt'rs in their intlilTt'rent'c to the ar- 
tistic in construction. He lielievcs that tlie prt'ceding letter of Mr. Van 
Brunt’s gives a vt'ry just and un])rejudiced statt'inent t)f tlie status t>f 
affairs at the timt* of its writing. But of lati'r years mon^ attention has 
been given to a'sthetics in bridge' dc'sign; and the author feels that some 
progress in artistic bridge construction has been made. 

In 1897 the author wrote thus in Dc Pontibiis: 

“Tho principal hiiulraiicc t/) the proj^rc'ss of asthetie; reform in brid^c-buiUlinfr is 
liable to oinanato from the bri(l^('-mamifactiiriiig eompaiii(\s, wlio have Ix'en so acciis- 
tometl to submitting eompetit ive ^le^i^^ns, ainl who have maile in the ])ast so much money 
then'by, that they will naturally consaler any fundamental innovation of this kind 
as detrimental to tlieir interests. N overt helc-ss, wlieri soiih' eoiieerted aetion on the 
part of bridso specialists is inauj5urat(*<I with the ol)jeft of making bridge structures more 
sightly, it is probable that the Jiianufactiiring eoinpanies will b(* far-siglited (‘iiough to 
recognize that their true interests will not bo subsorv«-<l by otToring any serious opposition 
to tin? pnipfjsed reform. Some; obstruct ion is likely to conn* from managr'rs of railroads, 
who have for years bt*(*ii uscmI to buying llioir bridge's as oli(*a ply as possible without any 
regarrl to appearance, arul too often with v*Ty little in rosjieet to constructive excellence. 
It W’ill devolve ui)on the* cldof enginecTs ami tlie brielgc* engineeTs of railroads to influence 
the managements of their lines so as to incline thc*m tow'anis a more favorable con- 
sideration for appearance; w}i(;n di*oi<ling upon the; designing and purchasing of their 
bridges. 

“But the niouklers of public opinion in respect to the nr‘c(*ssity for a due considera- 
tion of architeetural «‘tTect in bridgt'-building must, of necessity, bo the independent 
bridge engineers of the; country, wlio arc' not so much infliu'iierd by monetary motives 
as arc engineers eonn<;ct«'d with railw'ays and bridge; eoinpanies, although it must be 
confesswl that sonu; of the most proinin(;nt bridge specialists are. t he greatest offenders 
against the principles of iesthc'tics. 

“There is a gen(*ral impression among I'ligineers that to ingraft architectural effects 
upon bridge construction will always involve the ii(M;(;ssity for an increased expenditure 
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of money; but. tliis notion is iiK*orrf*cf , boojiuse then' are many largo and important 
bridges in the United States which could have Im'cu beaut itied, and at the same time 
cheapencdi without in the sligliU^st degrc*f^ impairing th<‘ir strc'iigth, rigi«lity, or ('flieieney, 
by simply nuxlifying their harsh and uncompromising lin(*s. It n*(piires tlie expenditure 
of more thouglit than money to obtain an artistically designed bridge; for a little money 
wdll go a long way in pnxhicing a tlecorativti etTect upon such a structure. 

“The author is a Imn beli(*ver in the principle tliat trin' e»‘oiiomy, ('ngiiu'cring ex- 
cellence of (construction, and the b(\st architectural etTect will almost invariably be found 
to accompany eaccli othc»r, and be inseparable^ in tlac designing of any bridge. Moreover, 
any bridge built with due consideration for, first, etiiciency, second, aj)pearance, and, 
third, e(conomy, will bi: satisfactory and gi'atifying to not only tin* traiiKnl expert, but 
also to the gccneral (mgincMT and railroad man, and ev(‘n to the piiblu*; Ix'caiise W'hen an 
observ(T notea that in such a structure all the engineering r(‘(iuir(‘ments are properly 
provided for, that there is no (‘vident waste of material, and that all dm; advantage has 
b('en taken of the (;onditions to render tin* bridge sightly and in harmony with its sur- 
roundings, his eye will of necessity be pl(v:s(»d, and his iiih(‘rent scMise of fitn(*ss will cause 
him to regard the struct un* with a feeling of pleasure. 

“To rcccognize and acknowh'dgt* the delici('nci(‘s of mod(Tn bridge designs from the 
artistic pennt of vi(;w’ is one thing, but to .‘<how how they are* to be re*riie‘eli('d is aimther; 
because', while it is e*asy to say that a certain structure doe's ne>i ce>me u[) to one’s ideal of 
grace anel bi*auty, it is vtay eliflie-ult to show exactly whe*re' the defects are*, and what 
should or cexilel be eleme; to r(*me)ve the*m.” 


Notwitlistunding lids, the* {lulltor bolioves Unit the fuiubimeutal jm'- 
(•(i|)ts pre'viously (*iiuin(*rat(‘el, if follenveel consist eiitly, will eliminate the 
most glaring sonna's of nglinesss in bridge^ designs. To seenn^ ])ositivo 
and salisfactory results in tlu‘ decorative* arehit(‘etiiral dc'tails is more 
difficult, as that is a matter riHiuiring sjx'ciid training; and, therefore, 
it cammt W(dl be done tlirongli nuTc instinct. 

Ill making a study of tlu* a'slludics of a bridgt* d(*sign, aftcT determin- 
ing what siiaiis are aiiplicabh*, it is well to make* one* or more layouts on 
a large scahj on the brown pape^r that is used in (‘iigincuTs’ offict*s for pencil- 
drawings, indicating the circumscribing line's of all main memb(*rs to scale, 
and tinting or lilling bedw'eeii the said lines with ])(*ncil-sliading; then 
tack the* paper on a wall, and stand olT at various distances to judge the 
('fTect. Ify doing tliis oiu* can form a V(*ry corn'ct oiiinion concerning 
th(* comparative nuTits of several layouts, and can asc(*rtain where and 
how any ])articular layout can be improved. A consultation witli sev- 
eral memlx'rs of oneV office* force* upe)n the* archite'ctural fe*atur(*s of the 
various designs will eifte'ii re*sult in an impreived e*iTe*ct; for nothing else 
will bring out both the favorable and the* unfavorable charact(*ristks of 
a plan like discussion. In the outlining of e'ach sjian a gre'at deal can 
be aceoinplisheel toward be*autifying a structure, anel there is no better 
wtiy to study the general (*ITect of any prope)S(*d outline than the one 
just indicated, viz., laying out various truss(*s te) scales, tacking the^ pape*r 
to a wall, and criticising them. It will surprises any one whe) tri(*s tliis 
mc'thod to see how (piickly he can de*l(*ct the* slightest variation from 
correctness in outline, and what a difrere*nc(* in (*irect ev(*n a small change 
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in a truss depth will produce. It was in this way that the trusses of the? 
author’s bridge over the Missouri Riv(ir at East Omaha werc^ proportioned; 
and it is doubtful if any improvement could be effected in their outlines 
wh(m all the factors involvc;d in the question are duly considered, for 
Mr. Van Brunt gave his unqualified approval of the archit(?ctural (?ffect 
of these outline's. In this problem there wt're but three points to deter- 
mine, viz., the depths of truss at the two hips and the depth at the towc'r, 
for the number of panels was sc'ttled by economic considerations, and the 



Fig. 52A’. Swing Si)aii.s of the Misnouri River Bridge at- East Omiiha, Neb. 


straightness and section of the top chords wi're nc'cessitated l)y ce rtain 
que?stions of e'fficiency. The depth at the oiite'r hips was first dete'rmineel 
by the re*quire*ments fe)r cle'aranco, rigidity, and appearance, llien the^ 
depths at the intermenliate hips anel te)wer were' settle'el by trial anel elis- 
cussion from the artistic point of vic'W, due' attention be*ing i)aiel te) the* 
emgineering que?stions inve)lveel by the various inedinations of top chords 
anel inclineel inner pe)sts. In Fig. 7)2k is re?i)roeluce?el a photograph of the' 
long swing spans ejf that structure. 

Fig. 52/ shows an outline diagram of an alternative dt'sigii for the 
movable span of the Pacific Highway Jiridge at Pe)rtlaneh Ore., which 
is l)cing engineered by the author’s firm. In the' bidding compe;tition 
betwejen this span anel a vertical lift the latte^r was ade)pteel on account 
of its superior eejejnomy and more satisfae^tory ope*ratie)n. The outlines e)f 
the swing span arei ge)e)d, although the author is of the opinion that those? 
of the East Omaha swing are be'tter. 

By no stretch of the imagination can any bascule bridge be termeel 
a thing of beauty. On the contrary, rae>st of them arc glaringly ugly, as 
can be seen by examining the various illustrations of Chapter XXX. 
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The lack of symmetry in a single-leaf bascule militates greatly against 
its appearance, and no addition of tower entrance oi filigree construc- 
tion can help it. The intrusion of an immense mass of concrete into the 
scenery is far from being artistic, and in most cases the counterweight has 
to be above the level of tlu^ deck. There is a condition, though, where 
the bascule constru(;tion can be adopted without much, or perhaps any, 
detriment to the a;sthetics; l)ut even in that casci it cannot be said to 
add to the aj)pearance, its effect being neutral rather than either posi- 



Kig. 52/. L:iyou< of llu* Swinj; Spjin in (ho Altornutivo Dosign for (he Pnoifio Highway 
Bridge over the Columbia Hi* or at l^orlland, Ore. 

tive or n('gativ(‘. Tlie condition is that of a fairU’^ low, higliway^ deck 
structure wlien' the nniuin'd clear opening is comparatively small. By 
using a double-h'af bascule with the bottom chords arched, keeping tht^ 
counterweight entirely Ix'Iow the deck, and making all the fixed spans 
arches of about th(^ same span length and gen(*ral ap]iearanc(^ as in the 
bascule, a good (‘ff(*ct can be produced. In h"ig. 52//^ is a la^^out of this 
typt^, being a study subiiiitt(*d *\fc‘w years ago by tin? author to the (^ity 
Kngineer of \'ancouver, B. C., for a ])roposiHl bridges over False Creek 
at Thurlow stn^et. The bridge has not yet been built, but some day'' 
there will Ix' a structure at or near tliat location, for the regular dc'velop- 
ment of the city will necessitate one. 

Nor is it an easy matter to fit a vertical lift span into a structure and 
obtain a fim^ architectural appearance; but the very" magnitude and imis- 
siv"('ness of t.h(' construction g<Mierally produce a pleasing effect upon the 
mind of the IxdioUhjr, as do also the simplicity" and tlu' evident efficiency 
of th(^ m(^thixl of operation. A study of the illustrations in Chapter 
XXXI will convince one of the correctness of this assertion, and will 
prove to him that tluTe is nothing inherently" ugly" in the vertical lift 
bridge as therci is (X'rtaiiily in the bascule. 

In detennining the outlines of a span these? few elementary principles 
are to be borne in mind: 

FmL There is nothing so ugly in a bridge as ptiralhd chords unless 
it be a skew. However, for spans between one hundred and twenty- 
five feet and two hundred feet it is often best to use them, although in 
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certain cases where the h)a(ls arc' .c*:rc'at it is prac^ticablo to adopt polyg- 
onal top cliords for s]ians considi'rahly shorter than the superior limit 
just inc'ntioned. 

Secoml, Whiles it is geiu'rally c'conoinieal of material to use very 
long panc'ls, no siieli ('xtrc'ine h'ligth should he adoptcMl as would involve 
an awkward ap])earane(' due to tiatnc'ss of diagonals. 

Third. Th(' curvature' of tlie top chord should he made as groat as 
is cemsistent. with a. propi'r consideration of weh stiffness and counter- 
hracing. 

Fourth. WIh'U it is ])racticahle in Petit trusses to curve the top 
cliord to such an c'xtt'iit as to make' too small the' inclination of the end- 
])osts to till' horizontal, it is jM'rmissihh' to h't thc^ latter c'xtc'nd over one 
panel only and to make' all the main diagonals extend over two panc'Is. 
The ('fleet is ungracc'ful, howevc'r, when the' main diagonals occupy ono 
panel c'ach nc'ar the (‘luls of the s])an, and two j)anets c'ach c'lscnvhc'n'. 

Fifth. \Vlien a])])(‘arance alone' is in ciiu'stion, trusses very dc'c'p at 
mid-span are d('sirahle; hut ati (‘xcessive truss d(‘]>th is conducive to a 
rcvc'rsion of hot tom-chord strc'ss hy thci wind load- -a condition wliicli 
has either to he avoidi'd or providc'd for by stiHening the bottom cfhords. 
In c'xtremely hc'avy bridge's, ('S])ecially where the dc'ad load is unusually 
great, it is ])ossibl(^ that an undue considc'ration for (‘conomy of mc'tal 
might cause a (h'sigiic'r to ado])t a truss d(‘])th which would he actually 
too great for ap])earanc(', but this is not likc'ly to occur very often hcjcausc; 
of other limiting conditions. 

Sixth. There iwo, certain limiting relations betwc'C'U width of bridge, 
dc'pth of truss, and length of span which, for the sakc^ of good elTc'ct, 
ought not to b(‘ exc(‘(*d(*d. rsujdly the rule's c'stablishc'd on account of 
purely ('iigiiic'ering questiojis will ])rev(*nt thc'se limits from being trans- 
gressed, thus ])roving a maxim which the* author has often maintained, 
viz., that in ajiy design any violation of enginc'C'ring ])rincipl(\s is also 
a violation of good taste from an artistic ])oint of view. 

Srrrnth. A V(*ry graceful effect can be cjbtaiiK'd by ])laciiig the lowc'r 
horizontal struts of tla* ov<‘rh(»a<l bracing in a cylindrical surface similar 
to that which contains the panc'l j)oints of the top chords, but, of course, 
with ditferent (*urvature. 

In rc'spect to the decoraticjii of each span of a bridge', it may be statc'd 
that a little' ornamentation is gc'iic'rally much Ix'ttc'r than a great dc'al, 
and that this little should be ai)propriat(‘ a?id in kec'ping with thc^ general 
characlc'r cjf the* structure. A prodigal use of ch(*ap. cast-iron trimmings 
at a portal of a stc'cl bridge is not in good taste*, but it is ]M'rf('ctly proper 
to decorate; the* intersections of the; members of the* portal ljrac;ing by 
jdates or rosettes, to surmount the* uppc'r horizontal portal strut by an 
aisthcitically dc'signed parapet, to use ornanic'Utal cornc'r hrackc^ts hcjrmath 
the lower portal strut, to emi)loy faiiciy iiam(;-plat(*s symmetricially ar- 
ranged, and to place ornamental figures of proper size and design at the 
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liips, pe(l(\stals, or middio of iurliuod end posts. It is also i)('rinissil)l<‘ 
to onuiinont tlio intcrinedialo triiusv<‘is(» vcTtical hraciiiK to a slislit drgnM^ 
by rosottc's and kiK'o-bracos, l)ut such do<*ora(ioii should lx* applied spar- 
ingly. Again, in larg(i bridges it is ])rojHa* to be sonunvhat (ixtravagant 
in the use of nn^tal at th(i portal for tin? sak(' of app(*aranee, esp(M*ially 
as such metal, if it do('s not add to the strength of the bridge, (xatainly 
increases its rigidity. 

Th(? ornanK'iitation of viaducts and (‘l(‘va1(‘d railways is soinc*thing 
which has nev(T receivc‘d in vXiiKTica any alt(‘Mtion worth mentioning, 
as is proved by th(» inherent uglinc'ss of nearly all tlu* el(‘vat(‘d roads of 
our great cities, and tlu^ ])ainful plainness of our railway tr(‘stl(*s through- 
out the country. It is i)rincipally tliis lU'gkrt of a'sth(‘tics in (k'sign 
which has created such bitter op]Hjsition on tlu* j)art of the property 
owners to the building of ek'vated roads in the heart of the city of diicago. 

Kl(*ctri(! lights and ga.s-fixtur(‘s of artistic ]>attern can b(* made great 
aids in securing a ])l(‘asing (‘ITc‘ct in d(‘sigiis for bridges aial viaducts; 
and at niglit a W('ll-studi(‘d distribution of incandc'seent lights can be 
made' te) pre)eluce^ a brilliant appe'arane*e at the' j)ortals e)f any large anel 
important e*ity bridge'. 

Orname'ntal hanelrails are* alse) of gre*at se‘rvie*e‘ in ele'e*e)rating tre'stle's anel 
lirielge's. \Vhile' tlie'se* hanelrails must a])|)e‘ar as suborelinate' te) the* main 

be) ely ejf the' strue'ture the*y e*an l)e' e'lnpliasize'd l)y paiu'ling e)r e)])e'n work. 
The ])osts se'paratiiig the* paiu'ls she)uld be' suborelinate' te) the e'lul ])e)sts. 
In small spans, the' hanelrail she)uld be' e)f the' ope'ii type* in orek'r ne)t 
te) make* the* span apjie'ar te)e) massive* anel te)|) lu'jivy. Kor large spans 
a seiliel hanelrail is ele'sirable* in e)rele‘r te) give* me)re' l)e)ely te) the ])rofile 
of the brielge*. A hanelrail sheailel ne)t te'rininate abruptly withenit se)ine 

ap] )are'nt e*ause*. A curving e)r glaring e)f the hanelrails at the* aj)])re)aclie's 
of the' brielge* aelels te) the a'sthe'tic e'llVct. If i\\\< e*anne)t be* ae*e‘e)mplishe'il 
the'ii se)ine' e)rnaine'nt:il j)e)sl e)f dignitie'el size*, suitably eU'e*e irate 'el anel sur- 
me)unte*el by an artistie^ lain]) pe)st, will be* feiunel ve'iy e‘lTe*e*live*. 

Archite'ctural e*tTe*cl in brielge* ])uileling se*lele)ni ele'iive's inue*h aiel freim 
])aint, for the* re*ase)n that it is ge'iie'rally ])e‘st, e)n ae-ceaint e)f be)th ce)n- 
ve»nie*ne*e anel ge)e)el taste*, te) use but e)ne' e'eileir in j)ainting a brielge. A 
proper che)ie*e* e)f ce)le)r, lie)we've*r, is a inaleTial aelvantage*; anel it is e*ejr- 
re'ct to vary the* ce)le)r in certain ae'ea'sseiry ])e)rtie)ns eif the* structure, sue*h 
as machine*ry-he)use*s, the lettering e)n name*-plate's, e*te*. Some e'ligineers 
have aelvocate'el ])ainting the te'iisie)!! anel the* e'eimpivssion me'inbe'rs of 
difTe'renit e*olors, but this we)ulel ge*t e)ne' inte) eliflie-ulties in spans where 
certain strktly te'iision-menibe'rs are maele* stiff. Orname'ntal figure's 
shoulel be paintenl of the same c'olor as the* re'st e)f the brielge. In ge'n- 
('ral, it may be statenl that for orelinary e'e)nelitie)ns of lanelscape the he'av- 
ier the structure the lighti'r shoulel be the e*e)le)r e)f the i)aint use'el, fejr 
the reason that if a brielge* lias an apiiearance inclining teiwarel e'lunisi- 
ness this obje?ctionable ('ITect can be h'sse'ned b}" reducing the* prominence 
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of its members; while, on the other hand, a bridge whieh is of su(!h an 
extr(?mely light and airy (h'sign as to produce an appearance of weakness 
can be made to look stronger by atlopting a paint of dark color, and thus 
bringing its members into gn'ater relief in respect to surrounding objects. 
With very dark backgrounds, however, it will often be advisable to use 
a light-colored paint even for slight structures, so as to give the bridge 
a definite outline. 

In regard to the ornamentation of bridges by th(‘ adoi)tion of elab- 
orately artistic approaclu's, but little has yet been done in America, the 
reason being that anj' moiuy so expcaidc'd has cwidently no utilitarian 
purpose, and (ronseqiu'iitly to the eye of the solely practicral man appears 
to be entirely wasted. In Europe it is customary to ornament large 
and important bridges in this way; and the time is coming when it will 
be th(' practice in America also. 

Some twenty-oiK' years ago the author had o(5casion to study quil(5 
thoroughly this qu(*stion of thc^ ornamc'iitation of large bridges by em- 
ploying elaborate but strictly unnecessary approach constructions. The 
occasion was that of a world-wide (competition for plans of two bridge's 
to cross the Danube River at Jhida-IVsth, Hungary, into which compe- 
tition luj Avas unwis(' enough to enter. His plans were thrown out, not- 
withstanding the fact that thc^y were probably tlu' only om's that came 
within the s('t limits of costs of the structun's or evc'n at all nc'ar the said 
limits, on the ph'a that Ik* had used liiglu'r unit stresses than those adopted 
in the specifications for the conipc'tition. Those unit str(*ss('s W('re fixed 
for spans of three or four hundn'd f('('t; and, as can Ix' sc'c'u from Figs. 52n 
and 52o, the author's spans were thri'e time's as long, crossing the entire 
river from bank to bank in ('ach case by a singkc span. As at that tim.e 
th(c impact iiK'thod of computing liv('-l(^ad stn'sses had not coiikc into 
vogue, it was (customary in America to incr(*as(' slightly the int('nsiti('s 
f(jr working stresse's for long-s])an bridge's, and the author ve'ry proi)('rly 
followecd that custom. The prizec was awareh'd to a Europe'aii competitor, 
who, by the way, had violate'd onec of the fundame'iital n'epiire'ine'iits of 
the cemditions by putting in ('stimate's of cost ne'arly doubhc those allowe'd. 
The reason for reproducing h('r(.'in the'se layouts, which now properly 
pertain to ancient history, is to show the author's ieh'as as to what special 
gateways or entraii(c(cs to largec bridgecs should be' like', as well as to indi- 
cate the fact that over two decadecs ago he had decsigned simidec spans far 
longecr than any that have ye't been built or eve'n seriously conte'mplated. 
These two designs, which are for spans of onec thousand and forty and 
(eleven hundred feet, re^spectivecly, werec worked enit in dectail, not only 
stress sheets and details for truss connections, pe'de'stals, floor system, 
lateral system, ecte., being submitted, but also electaile'd plans for the false 
work and travecllecr, because the erection conditions weere peculiar, the 
obstruction to navagation of the middle portion of the river being pro- 
hibited at all times. 





Fia. S2o. Proposed Bridge over the Danabe I V at Buda Pestb, Hung^iy, l|100>Foot Span. 
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The shorter of the two qmuis, on account of its location, was required 
to be more elaborately ornamented than the other, hence in the former 
a steel construction having the effect of a dome surmounted with a tower 
was planned, while for the longer span a little castle at each of the four 
comers was deemed by the author to be sufficient. Much gray matter 
and, what was worse in those days, much good, solid cash were wasted 
on these plans and estimates, all going to prove the ccnrrectness of a state- 
ment made previously herein to the effect that it does not pay an engi- . 
neer to compete on bridge plans without compensation, and unless the 
judges in the competition be truly bridge experts. 

A proper proportioning of piers and abutments has a great deal to 
do with the obtaining of an artistically designed bridge; but, unfortu- 
nately, in these, even more than in the superstmcture, the almighty dol- 
lar is generally the ruling influence in the design. In many bridges the 
piers do not seem to be massive enough for the spans; and, as is shown 
in Chapter XLIII, too often th^ are not sufficiently large to meet cer- 
tain important engineering requirements, which are, as a rule, ignored 
by the average designer, and occationally even by some who consider 
themselves bridge experts. In the author’s opinion, if piers and abut- 
ments be adequately designed from an engineering point of view, thqr 
will not fall far short of the ideal of artistic excellence. 

Believing that it will aid the reader in arriving at a better basis for 
his judgment to have pointed out the specific items or features of existing 
bridges worthy of commendation as well as those open to criticism, the 
author will avail himself of the excellent illustrations in Tyrrell’s book on 
“Artistic Design of Bridges,” to make further brief comment on bridges 
other than those previously mentioned. To avoid duplication of illus- 
trations the reader is referred tq that book. 

Illustration No. 19 is that of an arch in Belle Isle Park, Detroit, Mich. 
The general effect is pleasing, but the solid handrail gives the structure 
a more massive appearance than it should have, considering the size 
of the opening. It is believed that an open-work handrail would have 
relieved this undue prominence of what should be a subordinate i>ortion 
of the construction. 

Illustration No. 20 is that of the proposed Hudson Memorial Bridge. 
While the ground profile prevented perfect symmetry, the general out- 
lines of the structure are satisfactory. 

Illustration No. 61 shows the outline of the Sukkur Bridge over the 
Indus River, India. It is totally lacking in every element of artistic 
desgn. The hard rigid profile, the derrick-like api)earance of the canti- 
lever arms, and the inrignificance of the suspended span all offend the eye. 
Contrast this with the outline of the Beaver Bridge, No. 62, which even 
with its unsymmetrical layout caused by the end span has far more pleas- 
ing outlines. These two structures are also shown in Figs. 25m and 25p 
of this treatise. 



1180 


BRIDGE ENGINEERING 


Chapter LII 


Illustration No. 64 shows an effective steel-arch design and a good 
adjustment of floor ekwation. 

Illustration No. Go is that of the Niagara Railroad arch span, which, 
considered by itself, is quite effective; but the sudden change from the 
arch to the shallow approach spans, without an intervening mass of ma- 
sonry, is not pleasing to the eye. A semi-arch termination would have 
been more effective. 

Illustration No. 71 shows capriciousness and lacks in beauty of outline. 

Illustration No. 163 shows the effect of too short approach walls. 
The appearance of this structure would have been much enhanced if 
these walls had been lengthened and curved outwardly. 

Illustration No. 164 pn^sents anotluT case of too short approach walls 
and also failure to merge with the landscape. Contrast these last two 
illustrations with that of No. 165. 

Illustration No. 167 is that of the Forest Hills entrance to Franklin 
Park, Boston, Mass. Lack of symmetry is emphasized by the masonry 
portal at the high end. 

Illustration No. 168 shows the effect of small spans and too many 
piers. The importance of the latter is minimized by the expanse of 
spandrel walls and solid handrail, which gives a top-heavy appearance 
to the structure. A better (‘ffect would have been secured by reducing 
the number of spans, lowering the springing lino, and increasing the size 
of the piers. 

Illustration No. 170 shows th(j cffc'ct of too long a span, leaving the 
arch ring to appear as if springing from the ground slope instead of the 
abutments. This obscuring of the skew-backs hides their function and 
leaves the eye unsatisfied. 

Illustration No. 175 is of the bridge aj Hyde Park, N. Y., on Hudson. 
In general outline this is a very satisfactor>'' structure. However, the arch 
ring is merged into the spandrel walls and its function is obscured. 

Illustration No. 183 pn'sents an example of intrusion in the land- 
scape. The abutments project out into the stream, producing ugly 
breaks in the shore lines. The suspension cables arc not sufficiently 
defined, giving on this account an appc'arance of weakness. 

Illustration No. 199 is that of thc^ Rocky River Bridge at Cleveland, 
Ohio. The pleasing effect of this structure is marred by the heavy pilas- 
ters at the shore piers; for they have no apparent object other than sup- 
porting small balconies, or bartizans, at the floor level. These pilasters 
obscure the piers proper. The Ijelt course at the springing line should 
have been carried entirely around the pier, and above this belt course 
the pilaster with diminished section should have extended to the bal- 
cony. Compare this pier with that of the Washington Bridge over the 
Harlem River, illustrated in ‘‘Modern Framed Structures.^’ In the latter 
the skew-backs are well defincMl, the portion of pier below them is mas- 
sive (as it should be since it takes up the thrusts of the arches), and the 
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portion above is subordinated by the smaller sectioUi thereby bringing 
out its relative importance. 

Illustration No. 205 is that of a highway bridge of reinforced concrete. 
This material is marked off to represent cut-stone masonry, which is in 
bad taste because it is deceptive; while the handrails or parapets are 
of rough rubble composed of boulders, giving the effect of strength and 
massiveness in the wrong place, in other words, overemphasizing the 
handrail. 

Illustration No. 231 is that of the Komhaus Bridge over the Aar 
at Berne, Switzerland. The main arch has a span of 384 feet and is 
terminated by handsome masonry piers, from which the smaller arches 
of the approach spans spring. Clontrast the effect of this with that of 
the Niagara arch, shown in Illustration No. 65. 

A critical study and comparison of these numerous illustrations in 
coimcction with the principles* previously formulated in this chapter will 
assist the reader in cultivating his artistic perceptions and in the attain- 
ment of a^thctic results in his designing. 

In concluding this chapter the author would advise his readers to 
read the whole of Tyrrell’s book on “Artistic Design of Bridges,” to consult 
the scries of illustrations of European bridges in Vols. 43, 44, and 45 of 
the Engirteering Record, and to study carefully Chapter XXVI on 
“ The iEsthetic Design of Bridges,” by David A. Molitor, Esq., 
C.E., in the “Theory and Practice of Mo<lern Framed Structures.” 
Although most of Mr. Molitor’s illustrations arc necessarily drawn from 
European structures, there are many features thereof which it would 
be well for American bridge-designers to adopt; notwithstanding the 
facts that European practice and American practice in bridge-building 
are fundamentally and es.scntially different, and that American engi- 
neers have little or nothing to learn from their brethren across the seas 
concerning the science of bridge design. From an artistic point of view, 
however, it must be confessed that the average American bridge is in- 
ferior to the average iluropean structure; hence while it is advisable that 
American bridge-designers study carefully European practice in respect 
to sesthctics, they should be cautious to avoid thoughtless imitation; 
because decorative features which arc appropriate to the heavy, massive, 
and costly bridges of Europe would be out of place when engrafted on 
some of the light, airy, and economic structures that may still be con- 
sidered as characteristic of American bridge enginct'ring, although the 
tendency nowadays in this country is toward heavier construction. 



CHAPTER Lin 


TRUE ECONOMY IN DESIGN 

The great majority of bridge designers believe that the most economic 
structure is the one for which the first cost is a minimiun; and from 
the contractor’s prejudiced point of view this is correct, because his in- 
terest generally lies in seeuring the contract for the work regardless of 
all other considerations than his own profits; but from the purchaser’s 
point of view that structure is the most economic which will do the work 
required of it for as long a time as necess^ with the least possible ex- 
penditure for operation, maintenance, and repairs, all these desiderata 
being obtained with the smallest practicable initial cost of construction. 

In making an economic comparison of two or more designs for any 
proposed structure there are two methods of procedure, cither of which 
is correct and satisfactory. The first is to find for each case what sum 
of money at the governing rate of interest will produce an income just 
sufficient to defray the average annual cost of operation, maintenance, 
repairs, and all other regular necessary expenditures, and add this amount 
to the total initial cost of the structure. The sum will be the “equiva- 
lent total first cost’’; and if the designs be all satisfactory and the pro- 
posed structures of practically equal life, that structure for which the 
equivalent total first cost is the least is the most economic. The other 
method is to assume several future dates, preferably those at which cer- 
tain large expenditures would probably have to Iks made for renewals or 
repairs of perishable portions, and compute the grand total cost to each 
date for each proposed structure under the assumption that it is then 
put into perfect condition, and allowing standard compound interest not 
only on the first cost but also on all annual expenditures. A comparison 
of these gr^nd total costs at the several dates adopted will indicate clearly 
which is the most economic structure. A good example in the application 
of economics to bridges is given in Chapter LXX. 

Treatise after treatise has been written upon the subject of economy 
in superstructure design, but unfortunately the result is simply a waste 
of good mental energy; for the writers thereof invariably attack the 
problem by means of complicated mathematical investigations, not rec- 
ognizing the fact that the questions they endeavor to solve are altogether 
too intricate to be undertaken by mathematics. The object of each in- 
vestigation appears to have been to establish an equation for the eco- 
nomic depth of truss, or that depth which corresponds to the minimum 
amount of metal required for the said truss; and, to start the investi- 
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gation, it seems to have been customary to make certain assumptions 
which are not even approximately correct. For instance, the principal 
assumption of several treatises in French and English is that the sec- 
tional area and the weight of each member of a truss are directly pro- 
portional to its greatest stress; or, in other words, that in proportioning 
all members of trusses a constant intensity of working stress is to be used, 
while in reality for modem steel bridges the intensities often vary con- 
siderably in the same specifications. Again, no distinction is made be- 
tween tension and compression members, and no account is taken of the 
greatly varying amounts of their percentages of weights of details. 

There is, however, one mathematical investigation conc(?rning eco- 
nomic truss depths which is approximately correct, and which is based 
on assumptions that are very nearly true; but it holds good only for 
trusses with parallel chords. It is this: 

Let A = weight of the chords, 

B = weight of the web, 

C = weight of the truss, 
and D = depth of the truss. 

Then C = A + JS. [Eq. 1] 

But the weight of the chords varies inversely as the depth, or A = 
and the weight of the web varies directly as the depth, or B = 5Z>, where 
a and 6 arc constants; and, therefore, C = + b D. 

If C is to be made a minimum, we shall have, by differentiation, 


or 


d C ^ a . . _ 

dD ^ ^ 

A . B ^ „ 

^ + ^ = 0, or A = B. 


lEq.2] 
[Eq. 3] 


As the second differential coefficient, after substitution according to 
the usual method for maxima and minima, comes out positive, the result 
obtained corresponds to a minimum. From this it is evident that, for 
trusses with parallel chords, the greatest economy of material will pre- 
vail when the weight of the chords is equal to the weight of the web. 
The author has verified this conclusion by checking the weights of chords 
and webs in a number of finished designs, finding it to be al)solutcly 
reliable. However, it is not of much practical value, because the eco- 
nomic depths of trusses with parallel chords arc pretty well known; and, 
agiun, when spans are in excess of 175 or 200 feet, the chords of through- 
bridges are seldom made parallel. Moreover, the best depth to use is 
not often the one which gives the least weight of metal in the trusses. 

It has been found by experience that, for trusses with polygonal top 
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chords, the economic depths, as far as weight of metal is concerned, are 
generally much greater than certain important conditions will permit to 
be used. For instance, especially in single-track, pin-connected bridges, 
after a certain truss depth is exceeded, the overturning effect of the wind- 
pressure is so great as to reduce the dead-load tension bn the windward 
bottom chord to such an extent that the compression from the wind load 
carried by the lower lateral system causes reversion of stress, and such 
reversion eye-bars are not adapted to withstand. A very deep truss re- 
quires an expensive traveller, and decreasing the theoretically economic 
depth increases the weight but slightly; hence it is really economical to 
reduce the depth of both truss and traveller. Again, the total cost of a 
structure does not vary directly jis the total weight of metal, for the reason 
that an increase in the sectional area of a piece adds nothing to the cost 
of its manufacture, and but little to the cost of erectibn; consequently 
it is only for raw material and freight that the expense is really augmented. 
Hence it is generally best to use truss depths considerably less than those 
which would require the minimum amount of metal. For parallel chords, 
the theoretically economic truss depths vary from one-fifth of the span 
for spans of 100 feet to about one-sixth of the span for spans of 200 feet; 
but for modem single-track-railway through-bridges the least allowable 
truss depth is about 30 feet, unless susptmiled floor-beams be used, a detail 
which very properly has gone out of fashion. 

In two five-hundred-foot spans of a combined railway and highway 
bridge the author employed a truss depth of seventy-two feet; but this 
was determined l)y the reversal of stress in bottom chords through wind- 
pressure. A greater depth, if permissible, would have caused a saving 
in total weight of metal. In another of his designs for a five-hundred- 
and-sixty-foot span a truss depth of ninety feet was adopted, but in this 
case the live load was very great, varying from ten thousand pounds per 
lineal foot for short spans to eight thousand j)ounds per lineal foot for 
long ones; and the bridge is twenty per cent wider than in the case of 
the two five-hundred-foot spans just mentioned. 'I'he greater the live 
load and the wider the bridge, the greater generally can the truss depth 
be made advantageously. 

The little mathematical investigation given in this chapter can be 
applied with fair accuracy to plate-girder bridges and to the floor systems 
of truss-bridges. If, for ordinary cases, in designing plate girders, one 
will adopt such a depth as will make the total weight of the web with its 
splice-plates and stiffening angles al>out equal to the weight of the flanges, 
he will obtain an economically designed girder, and a deep and stiff one. 
For long spans, however, this arrangement would make the girders so 
deep as to become clumsy and expensive to handle; consequently, when 
a span exceeds about forty feet, the amount of metal in the flanges should 
be a little greater than that in the web; and the more the span exceeds 
forty feet the greater should be the relative amount of metal in the flanges. 
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The true economic investigation for plate-girders is as follows, when 
the web is assumed to resist its share of the bending moment: 

. Let M = bending moment at mid-span, 
h = depth of web, 
t = thickness of web, 

S = intensity of working stress for tension, 

I = length of span, 

and c = ratio of wdght of details of web‘(t. e., end stiffeners, inter- 
mediate stiffeners, splice plates, and fillers) to weight of the web plate 
itself. 

The sum of the two flange areas at mid-span, including an allowance 
of fifteen per cent for rivet holes, will be given by the equation, 

F = 1.15 [E(i.4] 

and the total weight of metal in the flanges, taking into account the fact 
that the cover plates do not run the full length of the girder, will be given 
approximately by the equation, 

Wf = 3.4 X 1.15 (|^ -Hht) X 0.8 1, 

( IM M \ 

- 0.23 ft g. [Eq.6] 

The weight of the web and its details will b(^ 

W„ = 3Al{ht + cht). [Eq. 6] 

Therefore the total weight of girder will be 

Wj = 3.4 1 - 0.2!iht + ht + cht), 

( 1 84 ilf \ 

-^g- + 0.77ht + cht). [Eq. 7] 


Differentiating with respect to ft and placing the differential coefficient 
equal to zero gives 






[Eq. 8] 


1 84 If 

Hence --“V* - 0.77 ht + cht; [Eq. 9] 

ft o 

from which we find 

1 84 Af 

- 0.23 ft « = 0.54 ht + cht, [Eq. 10] 

ft o 
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- 0.23 A == 3.4Z (0.64 A « + cht). [Eq. Ill 

But the value of c is generally about 0.3. Substituting this gives 

( I mm \ 

- 0.23 A < j = 3.4 1 (0.84 A t). [Eq. 12] 

But the first member of this equation represents the weight of the flanges 
for the most economic condition, and the second member is eighty-four 
per cent of the total weight of the web plate without its details. 

Dividing both sides of the last equation by 0.8 and cancelling the 
3.4Z gives 

/2 3 M \ 

- 0.29 A Z j = 1.05 A t, [Eq. 13] 

or 1.15 - 0.25 ht)= 1.05 h t. [Eq. 14] 

Evidently the first member of this equation represents the gross area of the 
flanges and the second member differs only a little from the gross area 
of the web and may without any great error be called such. Hence it 
may be stated that the theoretical maximum of economy exists when 
the gross areas of flanges and of web at mid-span are equal — ^a condition 
readily remembered. If the depth of the web ho selected on this basis, 
rather than by the older criterion which makes the total weight of flanges 
equal to the total weight of the web with all its details, it will be found to 
give a greater web depth. This increased depth is likely to augment the 
cost from one or more of the following practical considerations, which the 
formula cannot take into account. 

A. An additional splice or two in the web, or else a slightly increased 
pound price for the large plates. ^ 

B. Larger outstanding legs for all stiffening angles. 

C. Reduction in the number of covc;r plates. 

D. Narrowing of flange angles and necessitating thereby either an ad- 
ditional briicing frame or an increase in sectional area of the compression 
flange, in okler to compensate for the greater ratio of unsupported length 
to width. 

E. Possible thickening of web because of its greater depth. 

F. Possible encroachment on imder-clearance in deck spans, or rais- 
ing of grade to avoid the same. 

G. Possible difficulty in fabrication or shipment in case of long or 
heavy girders because of excessive depth. 

Any one of these changes would be likely so to upset the economics 
of the case as to cause a material decrease in the theoretical depth found 
by the preceding investigation. One will not often make an error in 
economy by following the old established rule given in De PontHms and 
reproduced herein previously to the effect that the best practicable ar- 
rangement is generally to make the weight of the flanges equal to the 
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weight of the web and its details; and there are occasionally cases where 
a saving of metal can be effected by making the web depth even smaller 
than that given by this old criterion, when by so doing a web splice may 
be avoided or smaller stiffening angles may be adopted. It should be 
borne in mind that there is quite a range in web depths over which the 
theoretic minimum weight is about constant, unless the thickness of the 
shallower web must be increased on account of the shear; hence one may 
often vary the dimensions of a plate-girder materially without affecting 
greatly the matter of economics. In Fig. 21e is given a diagram of eco- 
nomic depths of plate-girders with riveted end connections. 

Concerning economic panel lengths, it is safe to make the following 
statement: — ^Within the limit set by good judgment and one^s inherent 
sense of fitness, the longer the panel the greater the economy of material 
in the superstructure. Of course, when one goes to such an extent as 
to use a thirty-foot panel in an ordinary single-track-railway bridge he 
exceeds the limits referred to, because the lateral diagonals become too 
long, and their inclination to the chords becomes too flat for rigidity. 
Again, an extremely long panel might somtjtimes cause the truss diagonals 
to have an unsightly appearance because of their small inclination to 
the horizontal. 

There is another mathematical investigation which is of practical 
value. It relates to the (^conomic lengths of spans, and was first demon- 
strated in print by the; author some twenty-five? years ago in ‘‘Indian En- 
gineering,'^ although the? principle was anne)unce?d three ye?ars before then 
in the first edition of his “General Specifications for Highway Bridges 
of Iron anel Steel." Strange? to say, many engineers faile'd to see that 
there is any difference between this principle and an old practice of over 
fifty years' standing. The principle is that “for any crossing the great- 
est economy will be attained when the cost per lineal foot of the sub- 
structure is equal to the cost per lineal foot of the trusses and lateral 
systems." The old practice was to make for economy tlu? cost of a pier 
equal to the cost of the span that it supports, or, more properly, equal 
to one-half of the cost of the two spans that it helps to support. Is not 
the difference between these two methods perfectly plain? In one the 
cost of the pier is made equal to the cost of the trusses and laterals, and 
in the other it is made equal to the cost of the trusses, laterals, and floor 
system. When one considers that the cost of the floor system is some- 
times almost as great as one-half of the total cost of the superstructure, 
he will recognize how faulty the old method was. The following is the 
demonstration of the principle, simplified to the greatest practicable 
extent. 

Let us assume a crossing of indefinite length, for which the depth of 
bed-rock is constant, and let 

S = cost of the substructure per lineal foot of span, 

T a cost per lineal foot of the trusses and laterals, 



1188 


BRIDGE ENGINEERING 


Chapter LIII 


F = cost per lineal foot of the floor system, 

B = cost per lineal foot of the entire bridge, 
and L = length of span. 

Then U = 5 + T + F. [Eq. 16] 

Now if we assume that slight changes in length of span will not affect 
materially the sizes of the piers, the cost per foot of the substructure will 
vary inversely as the span length, 

or ^ " T* 

Again, the cost per foot of the trusses and laterals, for slight changes 
in length of span, may be assumed to vary nearly directly as the span 
length; hence we may write the equation 

T ^tL. [Eq. 17] 

The cost per foot of the floor system is practically independent of the 
span length, l)eing a function of the panel length, which docs not change 
materially with the span. 

We now have the equation 

B = [Eq. 18] 

in which B is to be made a minimum. 

Differentiating and substituting, we have (as F is a constant) 

d B ^ T 

+ ^ = 0,or5= r. [Eq.l9] 

« 

A further differentiation shows that the result corresponds to a minimum. 

In reality the truss weight per foot increases more rapidly than the 
span length. If r is the ratio of the span lengths, the truss weights per 
foot, for small changes in span lengths, will vary almost exactly accord- 
ing to tha ratio r' = (^ + On the other hand, the weight per foot 

for the lateral system does not increase quite as rapidly as the span, 
unless the perpendicular distance between central planes of trusses also 
increases. Unfortunately, though, the gain in truss weight over that 
given by the assumed theory of variation is generally greater than the 
corresponding loss for the weight of lateral system, consequently the 
combined' weights per foot of trusses and laterals generally increase a 
trifle faster than the span length. This is partially offset by the fact 
that the pound price of metal erected and painted will reduce a trifle 
as the weight per foot increases. Again, there is often a small error 
in the assumption that the cost of the piers varies inversely as the span 
length, because the size of each pier may have to be increased a little 
to accommodate the heavier spans; and this error is considerable for piers 
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which rest on piles. If the perpendicular distance between central planes 
of trusses is increased because of the greater span length, the cost of each 
pier will be increased because of its greater length; but this will occur only 
occasionally. Ignoring the latter contingency, the two errors indicated, 
notwithstanding the fact that their effects arc additive, are so small as 
not to affect materially the correctness of the results of this investigation 
concerning economic span lengths. 

This demonstration proves that, in any layout of spans, with the 
conditions assumed, the greatest economy will be attained when the 
cost of the substructure per lineal foot of bridge is equal to the cost per 
lineal foot of the trusses and lateral systems. Of course, no su(;h condi- 
tion SIS a bridge of indefinite cxt(;nt ever exists, nor is the bed-rock often 
level over the whole crossing; nevertheless the i)rinciple can be applied 
to each pier and the two spans that it helps to support by making the 
cost of the pier equal to one-half of the total cost of the trusses and lat- 
erals of the said two spans. Since working out this ck^monstration more 
than twenty-eight years ago, the author has made a practice of checking 
the correctness of the primiiple thereby established, by comparing the 
cost of substructure and superstructure in the principal bridges which 
he has designed and built, with the result that he finds it to bci invariably 
correcjt. 

The principle will apply also to trestles and elevated roads; for in 
the latter, when there is no longitudinal bracing, if wo make the cost of 
the stringers or longitudinal girders of one span equal to the cost of the 
bent at one end of same, including its pedestals, we shall obtain the most 
economic layout. In an ordinary railroad trestle consisting of alternating 
spans and towers, it will be necessary for greatest economy to have the 
cost of all tlie girders in two spajis (one span bcang ov(;r the tower) plus 
the cost of the longitudinal bracing of one tower equal to the cost of 
the two bents of said tower, ineduding tlieir pcd(\stals. 

The economics of reinforced concrete bridg(?s have not rec('ived much 
attention from technical writers; and they are rather difficult to deter- 
mine, as the quantities involved arc influenced quite largely by the in- 
dividual tastes of the designer. The problem is also complicated by the 
facts that the unit costs of the various portions of a structure may be 
morc^ or hiss different, and that the unit costs of diffcTent types of con- 
struction may be decidedly unlike. In g(ineral, it may be said that the 
unit costs are lower for those structures which have the simplest form 
work; and a reduction will also be effected by dcicreasing the area of form 
surface per cubic yard of concrete. For instance, in the case of a wall 
or slab the form cost per cubic yard will vary practically inversely as the 
thiekness of the said wall or slab. Evidently, therefore, it is desirable to 
concentrate the concrete into a few large members, rather than to employ 
a great number of small ones. 

It should be noted that reinforcing bars less than in diameter 
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command higher pound prices than do the larger bars. The extras for 
these small bars may be found in Engineering News the first of each 
month. 

Taking up first girder bridges carried on columns, the following points 
must be considered: 

First. — The panel length, when cross-girders are employed. 

Second . — Tho numb('r and spacing of the longitudinal girders. 

Third. — The number of columns per bent. 

Fourth. — ^The span length. 

Fifth. — ^The use of reinforced concrete piles to carry the footings. 

The panel length adopted is usually not of great importance from the 
standpoint of economy. Lengths of from eight to ten feet are generally 
employed; but a considerable variation from these values will cause little 
chang(? in the combined cost of the slabs and cross-girders. A reduction 
in concrete quantities can frequently be effected by using long panels, 
and by carrying the slabs on short stringers supported by the floor-beams; 
but the extra form work required will generally overbalance this saving 
in volume. 

The number and spacing of the longitudinal girders will depend \ipon 
the width and tlu? height of the structure, the span length, and the load 
to be carried. For a high structure in which the economic span length 
is fairly long, it will nearly always be found best to employ two lines of 
girders, the spacing thereof being equal to about five-eighths of the total 
width of the structure; but for bridges much over sixty (60) feet wide the 
use of three or even four lines may be preferable. The slab in such struc- 
tures is carri(?d on cross-girders and cantilever-beams. For a low bridge 
in which the economic span length is short, it will generally be the cheapest 
to omit the cross-girders, except at the bents, and to employ several lines 
of longitudinal girders. The wider the structure, the more likely will 
this arrangement prove to be economical; and very heavy loads also favor 
its adoption. For a structure in which the span length is from one-half 
to two-thirds of the width, it will usually make little difference which of 
the two types is adopted, unless the height is rather large; and even in 
extreme cases th(; variation between the two is not likely to exceed ten 
per cent. Ordinarily, it will be found more desirable to use two linos 
of girders, with cross-girders and cantilevers about (ught or ten 
feet centres. 

The proper number of columns per bent depends on the number of 
longitudinal girders When there arc only two lines, two columns will, 
of oAurse, be employed. When there are several lines of girders, there 
should generally be one column per girder in low structures, and two 
columns per bent in higher ones. In this latter case a heavy cross-girder 
will be required at each bent to carry the longitudinal girders. 

The economic span length is affected by the height and the load, being 
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larger for greater heights and smaller for heavier loads. An approximate 
value thereof is given by the formula 

in which I = economic span length, centre to centre of supports, 

w = load per lineal foot of girder (excluding its own weight), 
and h = fixed height of structure. 

The quantity h represents in any given case the height which is fixed, such 
as the height from grade to top of footing, height from grade to bottom of 
footing, height from underside of girder to top of footing, or height from 
underside of girder to bottom of footing, as the case may be. There is 
always a considerable range of lengths for which the quantities remain 
nearly constant. The formula gives values a trifle greater than those for 
which the quantities are a minimum, since the use of heavier sections will 
reduce slightly the unit costs of the concrete. 

Reinforced concrete piles should be used under footings when a suit- 
able foundation is to be found only at a considerable depth, or when a very 
large footing area would be required in order to reduce the pressures to 
a proper amount. A comparison must be made for each case as it arises, 
allowing properly for the cost of the column shaft, the footing, the piles, 
and the excavation. This latter item must not be overlook('d. 

The curvets of Figs. 50< to 56^/, inclusive, will bci found of great value 
in studying the questions of economy of girder bridges, as most of the 
points involv(*d can be settled directly then^by. 

In arches the problem is much more complicated than in girder spans. 
The factors that affect th(^ economic lengths are the cost of the arch ril)s 
and that of the piers and abutments, the dividing lines between them 
being the verticals through the® springing points. For any fixed span 
length th(! greater the rise, up to a limit of nearly one-half of the open- 
ing, the smaller will be the costs of both the arch and the picTs oi abut- 
ments which sustain it; but in most cases the distance from grade to 
ground is too small to permit the adoption of such a large rise; hence 
the problem generally resolves itself into a determination of the ques- 
tion, ^'How long can the span be made economically for a certain limit 
of rise?” This will be influenced by several important considerations, 
among which may be mentioned the following: 

A. The live load used. 

B. The amount of earth fill, if any, over the arches. 

C. The depth of the foundations for the piers and abutments below 
the springing points. 

D. The eost per cubic yard for putting the bases of piers and abut- 
ments down to a satisfactory foundation. 

E. The necessity for a heavy or substantial appearance of the piers 
and abutments. 
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F. The height to which the large, pier shafts must be carried. 

G. The condition of the arch barrel — ^whether solid or ribbed. 

H. The necessity, or otherwise, of adopting certain span lengths to 
meet existing conditions. 

Here arc too many variables for a theoretically correct economic in- 
vestigation, hence the surest and most satisfactory way to proceed is to 
make by judgment the best possible layout consistent with the condi- 
tions, then two others, one involving a span length a certain number 
of feet greater and the other a span length the same number of feet less, 
and figure the costs of arches and piers (or abutments) for all three cases. 
Instead, though, of increasing and decreasing the span by a certain num- 
ber of feet it may be necessary to reduce and augment the number of 
spans b}' unity. After the costs of the arches and piers or abutments 
arc found and properly combined, the cost of these two portions of the 
construction per lineal foot of span for each of the three layouts can be 
computed and compared. The one which gives a minimum will indicate 
approximately the best span length to adopt. 

In some cases it will prove to be economic to make the middle span 
of the bridge a certain length and reduce gradually the lengths of the 
spans at each side. If the configuration of the crossing will permit of 
a symmetrical layout on this basis, the effect will prove to be pleasing 
to the eye and generally economic of first cost, especially if a constant 
ratio of rise to span be maintained; bt'cause, as far as cost of substruc- 
ture is concerned, the overturning moments from live load on a single 
span only and from ineciuality of d(?ad load thrusts are kept low, owing 
to the fact that the lighter thrusts in the smaller span act with a greater 
lever arm than do the heavier thrusts of the longer span, qn account of 
higher location of the points of springing. In adopting this expedient, 
though, care has to be exercised to prevent the principles of ®sthetics 
from being violated. 

The curves of Figs. oOz to 56cc will be found very useful in determining 
the economic span lengths of arch bridges. 

There ar^ many minor economic questions that arise in the designing 
and construction of bridges, among which may be mentioned the economic 
greate.st Icmgths of different types of spans; the character of approacjhes 
to bridges; column spacing in bents supporting cross-girders with canti- 
lever brack(jts; the economic functions of swing spaas, cantilever bridges, 
arches, and steel trestles; the height of concrete retaining walls at which 
it is economic to begin to use reinforcing; the relative economics in em- 
ploying medium steel, soft steel, standard steel, and alloy steel for bridge 
superstructures; thecffectof erection on the economic layout of spans; the 
comparative economics of rim-bearing and centre-bearing swing spans; 
economy in choice of metal sections; and economy in shopwork. These 
various economic questions will now be taken up in the order enumerated. 

Comparing rolled I-beam and plate-girder deck spans for modern 
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heavy live loads, the weights of metal are about equal for spans of fif- 
teen feet; but the former are cheaper per pound than the latter by about 
four-tenths (0.4) of a cent, consequently the costs per lineal foot erected 
are equal for a span of about twenty feet. 

Comparing deck plate-girders and through, riveted truss-spans, for 
which there is usually a difference of about one-half cent per pound erected 
in favor of the former, the weights of metal per lineal foot are the same 
for spans of one hundred and fifteen (115) feet, which is about the ex- 
treme limit of length for platogirder spans shipped in one piece; hence 
it may be concluded that for all practicable lengths, deck plate-girder spans 
are more economic than through, riveted truss-spans. Besid(\s, the use 
of such deck spans effects a great economy in the substructure by reduc- 
ing the length of each pier from six to ten feet, the longer the span, of 
course, the less the reduction. 

Comparing half-through, plate-girder spans and through, rivet(?d truss- 
spans, for which there is a difference of about two-tenths (0.2) of a cent 
per pound erected in favor of the former, the; wc'ights of metal per lineal 
foot are the same for spans of seventy (70) fcM^t, but the costs per foot 
are about equal for spans of s(W(?nty-five (75) fcK^t. However, as plate- 
girder spans are in many r(‘sp(‘(;ts more satisfactory than short, through 
riveted spans, the dividing point is gem'rally placed at about one hundred 
(100) feet. 

Comparing Pratt and Petit truss-spans, for which there is no differ- 
ence worth nK'ntioning in the pound prices of the im^tal, the weights 
per foot (and tlienrforc? the costs) are alike for single-track spans of three 
hundred (300) feet, and for double-track spans of three hundred and 
fifty (350) feet; but both constructive and aesthetic reasons necessitate 
limiting the lengths of Pratt trusses to about three hundred and twenty- 
five (325) feet. 

The economics of approaches to bridges will involve? the question oi 
whether it is best and cheajKJst to build earth embaiikmc'nts, timber 
trestles, or stee?! viaducts, and at what heights it would pay to change 
from one kind to the other. Figs. 53a and 536 give the costs per foot 
of single-track and doubkvtrack ('arth embankments at various prices per 
cubic yard for earthwork; Figs. 53c and 53d give the costs per lineal 
foot of single-track and double-track timber trestles for various prices 
per M feet B. M. of timber in jJace; and from Figs. 55n/i to 552z, inclu- 
sive, and Figs. 5Qk to 56w, inclusive, can be computcHl the cost per lineal 
foot of steel viaducts. In estimating the cost of embankment, that of 
the retaining walls, abutments and culverts must be included. The cost 
of reinforced and plain concrete retaining walls can be determined from 
Figs. 56r and 56$, and that of plain concrete abutments can be taken 
directly from Fig. 53e. It must not be overlooked in this comparison 
that the quantities in Figs. 53c and 53d include the timber deck, which 
is not the case in the other diagrams. This economic study will involve 
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the consideration of interest, maintenance, depreciation, and repairs, as 
indicated at the beginning of this chapter. 

The economics of column spacing for bems when cantilever brackets 
are employed is an interesting little problem, but the final determination 
must be in accordance with good judgment as well as economy; for if 
the spacing be too small, rigidity is likely to be sacrificed. Upon cer- 
tain assumptions of approximate correctness the mathematical solution 
of this problem is a possibility; but the equations involved would be 
so complicated that it is much better for any particular case to assume 
two or three spacings, compute the total weight of metal in the bent 
for each, and find the one which will give approximately the least weight 
of metal. If the columns arc placed at the quarter points of the beam, 
the dead load bending moment at the middle will be approximately zero; 
and if the effect of stress reversion is ignored, the direct and reverse bend- 
ing moments for the central portion of the beam will be equal, and this 
arrangement would be about the most economical possible. But if the 
reversion is considered, the sectional area of the middle portion of the 
beam must be greater than that of the outside portions, hence for econ- 
omy its length should be somewhat less than one-half of the total, and 
the columns would then be spaced somewhat closer than when they are 
located at the quarter points. The fact that the brackets are usually 
lighter near the outer ends than at the inner ones would, for economy, 
tend to draw the columns together; but on the other hand this would 
increase the weight of the splices and connecting details. The proper 
column spacing to adopt will depend upon the length of the columns; 
for it is easily conceivable that the structure could be so high and so 
narrow that the quarter point spacing would be too close for proper 
resistance to wind pressure. Again, in such a case the wind load might 
be so great as to necessitate an increase in column section above that 
required to care for the live and dead load stresses only; and thus the 
effect of wind pressure would enter the economic study. It will be found 
in most cosfs that it is inadvisable to space the columns much less than 
one-half of the total length of the beam. 

The economic functions of swing spans are somewhat difficult to for- 
mulate. The minimum perpendicular distance between central planes of 
trusses for first-class construction should be the same as for simple truss 
spans, viz., one-twentieth of the span length. It is evident, of course, 
that the narrower the bridge the less it will weigh and cost. The truss 
depths at ends of through swing bridges are generally determined by the 
clearance requirements; but in long spans it is sometimes advisable, for 
the sake of vertical stiffness and to avoid the raising of span-end from a 
load on the other arm, to make the said depths still greater. As a rule, 
this increase is not of an uneconomic nature. For long spans, or those 
exceeding, say, four hundred (400) feet, the truss depth at outer hips 
should be about one-fourteenth ( 7 x 4 ) or one-fifteenth C/is) of the total 




so 60 



liiiiiiiiiiiiilTiiiiiiiilliiiiiiM ■ ! I I E ■ ■ ■ ■ I S I I ■ ■ ■ •! I I i I E ■ ■ ■ « I ■ p ■ i I i i ■ ■ ■ 

■I ■■■■■■■■■■ 

■ i ■■■■■■iaEiMBaBfiilitBBBBappBIM ■■■■■< apRi 
HBHRHHaiBRHaBBBBilBBaBBaaaiiBiiBHaBHBiBBaHBBBaBBiBBHBaaiiiBBBBRBBRB iNiaa 


IBBBBRaaBBBBR RHRRI 


■brbhb it br BiiiRBRRRBBBB 

pHBBBBBHaBiiHBRHBRBBBBa 


ris:::'. 

RiBHIBBBBBHRBBBiBaBaHtBaBBBBaBHaBBBRBBBBHHBBBBHBBRflBaaBHRBBBHfBBrBBBBVa 

RiiilaaaaBiiiiaiBaBaBiBBBBBpBBpiBBBBBaiiRiiBBRBBBiBiBBapBBBBiiEH iBBRiF b 

- ... . . . , ^iaiBBaaaalBBBBaBBBBaBBaBBPilBiBBRaBBBilBBBaBBiiEBBBBaaiBiBaaBBBtiBBa IB 

iRBRBRahBBRflBRJBBaBBt#BRBBBfl|iiaRRaRflBIIBBBBBBBBaBiBRBaBaBBiBRaaB|BpiBEBaBRBBBBilBBBBBaiPr BBBBB IB 

BBBBBBBii-^pR'/BBBr.pBBBiar/ IF 4 B/, ilaBB BBBBB iHBBBBBBBB aBBaBBBBBa BB BBB BBili BBBBBaBBBi BBBBBaiaiB BB' iBB Ba* BB , 
BfBBBBBBB'y T/'./'. // J'i / F F RBPPBRBBBB BBBBBBaBBBBBBaaBBBBB BBBBB BBaBB IBBBBBBBBB BBBBBBBBBB BB fBBBBrJBB 

■iBBBBiBBiBRBBBBkriBFiBii.BBfliaBiiiBBaBBBiiiBBRaBBBiaBBBIBIllBBBBBPBPlIlBBaiBBiBiiiBBBBBliBBf BBBIB IBB 

BBaaaBiBvaBaaih'jhr<'.^’i'«i-r< ;^ilB'i jr ■,arBFEBFF^-^RaaaBaBBaBfllBBBBB|iBBBBBBBBaBiliBBaRBBBiEBBBaBBr/BBaBr bbb 

— r.H .iB._ — •ir-.iafjaBaiBafifiBlIiBBUjaallEEBBBjiialiBBB iiiaii rtBjii/BBB 


.->jLrvi''iEBRr,a| 'i|i^'/>'-^i»^r-.EaBBaaBiBaaB||!lliBBaflBaaliiiBaBBBaalBBBBBBiaife 

laaBkiiBBaBiaBlBBaaaBaaaBBBaaBiaaBBaaBiilliBBBBBiliBBBBaaBBBaiiBBBBBaailBBf 


H fiaaB 

IBBB 

iBBBBi BaaBaaBBa^ 
laiEi'iBBBBrBBBBI 
HaaB japii^iBBBB 

t ar liBiaaBaia 
B^iBaBBt BBBBB 




^BBBB’IBBBBjiaf.aBBl 

I iBaBryaiBBriBaaalBJBBa 


iaBT.| 

\v.& 

ir^Kl 




BiifilSIiiS 





20 




l|■E■^liliEii•i■■f if ■■■■■■■■■■■■■■■• "■■■■■■■■ ■■■■■■■■■■■■■■■ ilaHBBaaaaraBaaiiBii 
laaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaagaaaaaaaaaaaaaaaaaaai aaaaa laaaa 

aaf iff fagapap faaaaar » mmmmnmmm'.'A Aaaanv'inaaBBBBaBaaaaBBBaaBBBBaaa' aaBaiaaBaaB 

Bm||mgB|||a^aBBai jli^^*i^*irBBaBaaBBg|iBBaBBBBB|aBr BBBar BBBPBB', 


■/t ’.'fj. 


BrXB‘’>*ar.aBBBaBBBBBBaa 
w mt 4 ^ BaailZaa 




litta 

tess 












/0 £0 JO 40 SO 60 W 00 

Height of Embankment in feet 

Fia. 53&. Cost of DoubIo>track-raflway Embankments. 




TRUE ECONOMY IN DESIGN 


1197 


span length. The truss depth at the inner hips should generally be from 
one-ninth (/^) to one-tenth (/{o) of the total span length; and when 
towers are used their height should generally be from one-sixth (%) to 
one-seventh of the span. Of course, the ffisthetic features of the design 
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should govern greatly, the determination of all these depths; and, for- 
tunately, any moderate change in them does not affect materially their 
economics. 

In swing spans it is evident that, as far as is consistent with safety, the 
diameter of the drum for economy should be made as small as possible, not 
only because this effects a saving of metal, but also because it reduces the 
diameter, and therefore the cost, of the pivot pier. For spans of moder- 
ate length and width there is generally a small economy in centre-bearing 
swing-spans over rim-bearing ones, especially as the former sometimes 
permit of smaller pivot piers, but the difference is often inconsiderable. 
There is a limit to the size of centre-bearing swing-spans due to the ob- 
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jectionablc feature of concentrating great loads upon small areas and to the 
necessity in the case of very wide spans for excessively heavy cross-girders. 
The question of economics between the two styles of swings is one that 
has to be determined for each special case as it arises by preparing actual 
estimates and not by a priori reasoning. 

As mentioned in Chapter XXV and previously in De Pontibus, the 
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economics of cantilever bridges formed the subject of a special investi- 
gation for that treatise, the result of which was as follows: 

Firoi, The economic length of the suspended span is about three- 
eighths (%) of the length of the main opening, but a considerable in- 
crease or decrease of this proportion does not greatly change the total 
weight of the metal. 
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Second. The most economic length of anchor arms, whore the total 
length between centres of anchorages is given, and when the onn.in piers 
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can be placed wherever desired, is one-fifth {]i) of the said total length. 
By keeping the anchor arms short the top chords may be built of eye- 
bars, provided that with the usual allowance for impact there is no re- 
version of chord stress; and this effects quite an economy of metal. But 
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it is conceivable that cases might arise where, from danger of washout 
of falsework, eye-bar top chords would be objectionable; hence this 
method of economizing must be used with caution. 

Third, In respect to the economic length of anchor-span in a suc- 
cession of cantilever spaiLs, it may be stated that within reasonable limits 
the shorter such anchor-spans are the greater will be the economy in- 
volved; but generally navigation interests will prevent their being built 
as short as might be desired. If permissible, they may be made so short 
that, as in the case of anchor-arms, eye-bars may be used for the top chords, 
thus effecting a decided economy of metal, although shortening the anchor- 
span increases proportionately the stresses on the web members and the 
weights thereof. 

The question of what is the economic limit of length of simple truss 
spans as compared with cantilevers is still a mooted one. Professors 
Merriman and Jacoby, on page 119 of Part IV of their excellent treatise 
on ‘‘Roofs and Rridges,” state that the economic limit for simple spans 
was probably nearly reached in the building of the five hundred and 
eighty-six (580) foot span over the Great IVliami River at Elizabethtown 
near Cinciimati; but the author has had occasion to compare simple truss 
spans of seven hundred (700) and eight hundred (800) feet with the cor- 
responding cantilever structures and has found them more economic. 
This question is discussed at length on page 587, et seq., and the reader 
is referred thereto. The continuity of cantilever spans in resisting wind 
loads lowers the r(^quirement for minimum width from one-twentieth 
(V20) to about on(i twenty-fifth (^ 5 ) of the greatcjst span length, and 
hence, because of substructure considerations, gives an advantage to 
the cantilever type that in certain extreme cases will more than offset 
its disadvantage of greater weight of trijss metal. 

The economic functions of steel trestles are treated in Chapter XXIII 
and those of steel arches in C'hapter XX\T; and curves of weights of 
metal in trestles, from which the economic proportions thereof can be 
derived, are^ given in Chapter LV. 

The hei|)it of concrete retaining walls at which it is economic to begin 
to use reinforcing metal is about ( 20 ) feet. 

In respect to the economics of the medium steel specified in Chapter 
LXXIX, soft steel, and the standard steel of commerce, which is a mean 
between the two, as there is no difference worth mentioning between 
the pound prices of the three rolled metals, and as medium steel can 
properly be stressed the highest, it is evident that it is the most economic 
material. It is urged by some engineers that as all, or at least a portion, 
of the reaming may be omitted when soft steel is adopted, there is an 
economy in using the weaker metal; but the author maintains that either 
reaming or solid drilling is essential for first class work no matter what 
kind of metal be used, and that, consequently, the claim for economy 
in employing soft steel is based upon a fallacy. 
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The question of the economy of adopting, nickel steel for bridge build- 
ing is treated at length in Chapter IV. 

Questions of erection often not only affect the economic layouts of 
crossings but also determine the character of the spans to be adopted. 
For instance, if the danger from washout of falsework be great, either 
a cantilever or semi-cantilever structure (such as described in Chapter 
XXV) may be better than one of simple spans, or a pin-connected struc- 
ture may be preferable to a riveted one, even if the computations of cost 
made upon the basis of good luck in erection indicate that the contrary 
is the case. Again, the chance of not getting the substnicture finished 
before high water or bad w(^ather causes a cessation or partial cessation 
of work might so affect the layout of spans for a bridge as to increase 
materially the cost thereof; therefore, the expense involved by taking 
precautions to avoid possible delay would be in the nature of true econ- 
omy. A case of this kind arose a few years ago in the author’s practice; 
viz.. Bridge No. 4 near Lytton, B. C., on the line of the Canadian North- 
ern Pacific. The plans had becm prepared upon the assumption that the 
six open-webbod, riveted spans, which were all alike, would be erected 
on falsework bc'forc the high water of May or June could cause any dan- 
ger of washout; but the contractor in bidding, fearing that the delivery 
of the metal might be delayed, requested that a few of the girder mem- 
bers be strengthemMl so as to permit each si)an (except the one first erected) 
to be cantilevered from pier to pier. The extra amount of metal thus 
necessitated was computcMl; and as the Vjidder agreed to pay one-half of 
its cost, his proposed modification was accepted. It proved to be a for- 
tunate arrangement, l)ecause the metalwork was lat(5 in arriving, and the 
erection had to be done by cantilevering during tlui high-water period. 

In the proportioning of main piembers of bridges, and even occasion- 
ally in the detailing, small economies may be effected by choosing the 
regular arid h^ast expensive sections. Plate's and angles are at times 
cheaper than chaniu'ls or I-beams, and at otlu'r times more expensive. 
Z-bars are sometimes higher and are always diffieailt to obtain. Deck 
beams are invariably high priced, and tees are generally so. Many de- 
signers arc not aware that I-beams over fifteen (15) inches deep cost 
one-tenth (/lo) of a cent p('r pound more than those fifteen (15) inches 
and under in depth, and that angles having one or both legs longer than 
6 inches are subject to the same increjise. There is a long list of special 
prices, too, on very small angU's. Not infrequently it will be cheaper to use 
the larger of two small angh's, ('vem though more wc'ight be involved; and 
special angles such as those of 7" X scxriion an' always more expen- 
sive than the standards, besides being more difficailt to obtain. Current 
prices of the various scjctions arc to found in Kmjineering News the first 
of each month; and a list of extras for wide plates is given on page 327 
of this treatise. Since the organization of the United States Steel Corpora- 
tion, the variations in pound prices of the numerous shapes of bridge 
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metal in this country are l^s than they used to be; but they are still 
sufficient to make a material difference in the cost of structure; whereas, 
for Canadian and other foreign work, very large differences may be created 
by the selection of the material, owing to the variation in the customs’ 
duties. It behooves the expert bridge designer to keep posted concerning 
variations in metal prices and import duties for the different sections. 
The Bethlehem Steel Company manufactures, by means of a combination 
of vortical and horizontal rolls acting simultaneously, some special sections 
for I-beams that are exceedingly light for their strength; and, although 
the company asks a small extra price for such sections, it generally proves 
economical to employ them. 

The duplication of a whole stnictiu^, or any parts thereof, effects a 
large proportionate saving in the shop. Of course, if two spans or other 
units can be made alike, entire groups of drawings are saved, and it is 
a large part of the fimction of the detail shop draftsman to duplicate 
individual parts and to group partially unlike members. The author 
remembers the detailing of two hundred and fifty-six (256) columns of 
the Union I^oop Elevated Railroad on one sheet. The columns were 
not all alike; in fact, there Avere many different models, but the differences 
were so classified that they could be reduced to a system, and the whole 
work was very greatly cheapened thereby. By duplication, in addition 
to a saving in drawings, there is a saving of templets, a saving of shop 
supervision, a saving of the writing of shop bills, a saving of making extra 
material lists, a large saving in errors, and a considerable saving in the 
field due to the avoidan(;c of loss of time in the selection of the proper 
parts; for if there is mucjh duplication, there is much more possibility 
of the right part being at hand. Duplication extends into very small 
details; in beam work the end connections are made alike, and instead 
of being shoAvn on the drawings, their numbers only are given. Likewise 
the templets for such end connections are made permanent; *and they, 
too, are referred to only by numl)er and are used over and over again. 
On large stmetures, batten plates, lattice bars, and other similar and oft- 
repeated elements can be duplicated Avith great advantage. For instance, 
identical lattice-bars save the resetting of the gauge on the lattice-bar 
punch, and also the labor of selecting in assembling the material, be- 
sides considerable expense in handling. It may at times require more 
material to duplicate the parts of a structure, and yet it may result in a net 
saAring in the cost of construction; for, although the metal bo ordered by 
the pound,' if the evidence of duplication of shopwork is made clear in 
the drawings submitted to bidders, a lower pound price will be named. 

Blacksmith Avork of any kind is always the most expensive work in a 
bridge shop, and it should be avoided to the utmost, not only because 
it is not commonly well done but also because it costs heavily in the 
drawing room, in the templet room, in the forge shop, and in punching, 
fitting, and assembling. If forging is essential, it should be done in du- 
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plicate as much as possible, so that dies n^y be made. The author re- 
calls the bending of the top flanges of some through plate-girders by hand 
on a form at a cost in excess of seven dollars ($7) for each bend. The 
railroad company was induced to use a round instead of a parabolic curve. 
This enabled the manufacturer to prepare dies and to do the work for less 
than one dollar ($1) per bend, yet the saving was made possible by only 
a very trivial change in the form of the flange angles. Small bent plates 
are nearly always fashioned by hand, since they are not sufficiently dupli- 
cated to warrant the making of dies; but it is a common practice of 
engineers not engaged in shopwork to use forgings freely, because they 
do not understand how greatly forgings add to the cost of the whole work. 

There is a small economy or the reverse involved in the crimping 
of stiffening angles for plate-girders; and the officers of the different 
bridge shops have widely varying ideas as to whether it is better or 
not to crimp them. The economy will depend upon their length and 
the amount of offset, for the question involved is whether the cost of 
crimping the ends does or does not exceed that of furnishing and putting 
in the filling jdates. Before starting to write tliis chapter a number of 
the bridge shops were consulted on this matter of crimping, in order to 
obtain a consensus of opinion. One engineer rciplicjd, “We would not 
crimp angles for any girders on a lump sum contract no matter what 
the depth unh^ss the angles were over three-quarters (^) of an inch thick. 
In case side flanges plates were employed, we would, of course, use crimped 
angles for any girder four feet deep or deeper.'^ Another engineer an- 
swered, “If we had a contract for a bridge at a lump sum, we would crimp 
stiffeners on all stringers or girders three (3) feet deep or over, providing, 
of course, nothing else was specified.” A third engineer wrote: “We al- 
ways try to avoid crimping stiffeners when the clear web space between 
the flange angles is less than eighteen (18) inches. We, of course, would 
likely try to crimp stiffeners of shorter length if the flange angles were 
very thick and the stiffeners of light sections, if we were aiming simply 
to make money by putting in the less amount of material; but, on the 
other hand, we believe it makes a better job to use the fillers when the 
depth of the girder is shallow.” The cost of the freight on the filling 
plates is often the determining factor in settling whether it is finally more 
economic or otherwise to crimp stiffening angles, and this feature of the 
question should be borne in mind by the designer. This matter of cost 
of freight and other transportation of metal to bridge site applies to the 
design of a bridge as a whole as well as to the question of crimping. 

There is often a material difference between the lightest possible 
bridge and the most economic one, not only on account of the reduction 
of cost of fabrication but also because of that of erection; and the de- 
signer in order to obtain the best possible results for all cases must be 
well posted on all the important details of both shopwork and field work. 
He should know almost instinctively what is easy and what is difficult 
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to manufacture and to erect; and ei^cially should he recognize when 
rivets can and when they cannot be driven by the various kinds of ap- 
paratus used in shop and field. 

In the design of new bridges to replace old ones, the erection should 
be given full and thorough consideration, since a large amount of the 
labor of replacing the old structure under traffic may be saved if the new 
one have panels of such length as not to interfere with the metalwork 
of the old bridge. There arc many other ways in which advantage may 
be gained by thoroughly considering the erection at the time the new 
structure is designed, su(;h, for instance, as the supporting of the old 
stringers on advantageously loc^ated falsework until the new girders can 
be placed, and the shipping of the plate-girder spans riveted up complete 
instead of requiring that they be assembled in the field. 

In all work of designing the cost of the materials at the site should 
be studied very carefully, since local prices will often enable the designer 
to effect a great saving. Where the work is scattered over a wide field, 
the matter of cost of materials becomes exceedingly important and often 
changes the type of the structure. For instance, in designing a highway 
bridge for the Western Coast, it should be remembered that steel stringers 
become very costly as compared with the lower priced wooden stringers 
of that country. The opposite conditions obtain in the eastern part of 
the United States. The prices of gravel for concrete work, or of very 
cheap stone, may affect the type of piers (Jinployed. The engineer should 
know markets even better than the contractor, but commonly he does 
not, and he will often demand expensive material where a cheaper one 
would servo his purpose; quite as well. Rough averages of prices per 
unit in place are very apt to produce flaws in the economy of a design. 

There is an economic feature of bridge building that is worthy oi 
special mention in that it (;ffccts a largo saving in first cost, maintenance, 
and repairs, of tern for a number of years. It is the designing of canti- 
lever brackets to carry in the future wagonways, footwalks, and even 
street railways, and omitting putting them in until required, but pro- 
viding all i;hc rivet-holes for the future connections. In such cases, of 
course, the trusses must be made strong enough to carry the additional 
live and dead loads, and the countc'rbracing must be figured for both the 
future and the immediate dead loads. 

A question sometimc;s arises as to whether it is more economic to sup- 
port a pavement on buckled plate or on reinforced concrete. The latter 
is cheaper* for trestles and short spans, but not for long ones. However, 
the deterioration of the buckled plates, due to moisture and smoke fumes, 
should receive adequate consideration. Moreover, the latest experience 
shows that very heavy concentrated live loads arc liable to spring the 
buckled plates and break up the paving. 

Some of the most modem problems in bridge economics are thote 
due to the advent of reinforced concrete construction. For instance, in 
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highway bridge building there arises the general question as to whether 
it is advisable to adopt reinforced concrete or steel; and for spans under 
one hundred feet in length, when due consideration is paid to the factors 
of maintenance, depreciation, and repairs, the former will usually be 
found the more economic. In the future this limit of span-length for 
economy will certainly continue to increase; and probably even today 
it has been passed in some localities. 

Another problem is whether in reinforced concrete construction it is 
preferable to adopt the arch or the girder type. Unless the spans are 
quite long, the latter will generally be the cheaper, but the former is the 
more sesthetic, although by curving the bottoms of the concrete girders, 
as was done on the Twelfth Street Trafficway Viaduct in Kansas City,* 
a very pleasing effect can be secured. 

Another economic problem is whether to adopt a wooden or a rein- 
forced concrete floor in a steel highway bridge; and, when danger from 
fire, cost of maintenance, etc., are considered, the decision should in- 
variably be in favor of the permanent construction. 

Since the late occurrence of partial destruction by fire of several large 
highway bridges carrying creosoted block pavement resting on creosoted 
planks, the question has arisen as to how much more it would have cost 
to rest the pavement on reinforced concrete. The layman has an idea 
that the amount is very small, being merely the difference between the 
value of the reinforced concrete slab and that of the creosoted planks; 
but such is far from being the case, for the large difference between the 
weights of the two bases adds materially to the dead load that has to 
be carried by both the floor system and the main girders or trusses. Some 
careful computations made by the author from the records of two of his 
bridges over False Creek at Vancouver, B. C., both of which have lately 
been set on fire more than oneft by German sympathizers, and one of 
which, in consequence, was severely damaged over a length of two or 
three hundred feet, show that the substitution of the reinforced concrete 
slab for the creosoted plank would have increased the first cost of the 
superstructure fully twenty per cent. In these days of bridge incendi- 
aries it certainly would be good policy to employ the more expensive 
base and perhaps even to adopt an asphalt or bitulithic wearing surface 
instead of the wooden blocks, although the latter are far superior in every 
way except in respect to freedom from danger by fire. However, it would 
be difficult to start a conflagration in a block pavement that rests on a 
concrete base, because the air could not readily get at the wood. A fire 
kindled imder such conditions would make very slow progress and could 
easily be extinguished. 

In the case of a steel viaduct, the question sometimes comes up as to 
the economics of making the bents of reinforced concrete instead of steel; 


* For description and illustration of this structure see Chapter LII. 
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and for heights not greater than forty or fifty feet the concrete is likely 
to win; but with braced towers the steel will generally prove the cheaper. 
In solitary bents of reinforced concrete attention must bo paid to the 
bending ciTect of longitudinal thrust, and this is likely to prove an 
important factor in the determination of the economics of the 
layout. 

There is an economic question to which, as yet, but little attention 
has been paid, viz., the comparative costs of cantilever and suspension 
bridges. Until 1911 nothing of any value had been published concern- 
ing the length of span at which a suspension bridge becomes cheaper than 
a cantilever, each bridge specialist having had a vague idea of his own 
concerning the question. The author for years has believed the divid- 
ing length to be in the neighborhood of 2,000 feet, but has recognized 
that it will vary considerably for different crossings on account of the 
governing conditions. If the question were one of superstructure alone, 
it would readily be capable of solution, but the substructure plays an 
exceedingly important part therein, as can be seen by the following rea- 
soning, which, perhaps, some reader may term a redmtio ad abmrdum. 

I-.et us assume that for a certain crossing we have determined the 
length of main opening at w'hich the costs of the cantilever and the sus- 
pension types are equal and have prepared a layout for each. Then let 
us raise the grade on them both fifty feet and make another comparison. 
There would be no material change in the costs of the superstructures, 
but there would be in those of the substructures. The main pier costs 
for both types would be augmented in a similar manner, provided the 
back-stays for the suspension bridge retained their original inclination. 
However, as the inclination of these back-stays would have to be increased, 
the load on the columns and the main piers for the suspension bridge 
would be augmented thereby, increasing their cost over those for the 
cantilever structure. There would probably be comparatively little in- 
crease in the cost of the anchorages for the cantilever bridge, as their 
heights could be augmented without material addition to the volume. 
But the cdst of the anchorages for the suspension bridge would be ma- 
terially increased to provide for the additional uplift due to the greater 
inclination of the back-stays — ^then the cost of the suspension bridge 
would be greater than that for the cantilever layout for this length of 
structure, and the length for equal costs would be increased. 

Let us take another example: Suppose that there are two profiles for 
crossings just alike, that in one the surface material is solid rock through- 
out, but that in tlie other the foundations for the abutments are very soft, 
necessitating the use of a great number of exceedingly long piles. If the 
opening of equal cost in the two types of structure be determined for the 
rock profile, it will certainly be too short for the other; because, while 
the soft foundation acts as no special hardship in the case of the canti- 
lever anchorage (owing to the load thereon being vertical and compara- 
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lively small), it certainly would militate greatly against the suspension 
anchorage with its immense vertical and horizontal loadings. 

In 1911 Dr. D. B. Steinman published a little book entitled '‘Suspen- 
sion Bridges and Cantilevers — Their Economic Proportions and Limiting 
Spans,” the main object of which was to determine the economic dividing 
span-length between cantilever and suspension bridges. In order to evolve 
a mathematical demonstration of the problem he had to make numerous 
assumptions more or less approximately correct. Without checking all 
his mathematical work, it is evident thab the professor has made as fair 
a comparison as he could; but his assumptions were so numerous and 
approximate that his conclusions must be taken with a liberal allowance 
for variation. Dr. Steinman’s conclusion on this point reads as follows: 

“The range of economic usefulness for cantilevers extends from the upper limit 
for the truss or arch to a span of 1670 feet. Beyond this value, the cantilever would 
be more costly than the suspension type, although yielding a probable profit on the 
investment up to a span of 2700 feet.” 

Dr. Steinman employed for his estimates on both types of structure 
nickel steel only fifty per cent stronger than carbon steel, while the au- 
thor has found that it is practicable to procure the alloy with an excess 
strength of seventy per cent. Again, the use of nickel steel was confined 
to the trusses only, while the author finds that for ordinary conditions 
of the metal mark(it it is economic to employ it in the floor system, es- 
pecially for long spans, where it is important to reduce the dead load to 
a minimum. Dr. Steinman makes the difference in pound prices between 
nickel steel and carbon steel, erected, 2.4 cents. This ought to be too 
great for nickel ste(;l of 'even 55,000 lbs. elastic limit, for Mr. Hodge built his 
St. Louis Free Bridge on the basis of 1.66 cents per pound excess.* Dr. 
Steinman makes only sixty (60)*per cent of his long-span trusses of nickel 
steel, while the author adopts a percentage of seventy-five (75). In de- 
signing the anchorages for the cantilever bridges Dr. Steinman uses only 
carbon steel, while nickel steel will generally be more economical. All 
these facts affect materially the question at issue; and it is probable 
that if the changes above implied were incorporated, the span-length for 
equal cost found by the investigator would be considerably greater. In 
spite of the differences of opinion indicated in the foregoing, the author 
appreciates most highly the good and valuable work done by Dr. Stein- 
man in the preparation of his little book. It certainly will prove of great 
benefit to all engineers who are concerned in the designing of long-span 
bridges. 

Another economic question in bridge engineering that hjis arisen of 

*Thc use of Mayarf steel, having an elastic limit of 50,000 pounds per square inch, 
at an excess pound price of only eight-tenths (0.8) of a cent forthcmanufsictured metal- 
work as compared with carbon steelwork (the latest quotation from the Pennsylvania 
Steel Company) would affect the economic problem materially. 
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late years is the economics of movable spans^ or the choice for any cross- 
ing between the swing, bascule, and vertical-lift types. The settlement 
of this question is by no means an easy matter, for it will depend greatly 
upon the special conditions affecting the particular crossing imder con- 
sideration. When the swing span type is pitted against either of the 
others, the first point to determine is what proportionate length of single 
opening is equivalent to the two openings afforded by the rotating draw. 
This is a matter of personal opinion, and even in one man’s mind it might 
vary materially for different cases. Under ordinary conditions the author 
believes that a single clear opening twenty-five (25) per cent greater 
than cither of the clear openings afforded by the swing type will give 
equally good or better facilities for navigation, and that under the worst 
possible conditions the excess percentage need not be more than forty (40). 
Unfortunately, though, neither the author nor the designer of the bridge 
Mnder consideration has anything to say about deciding this point, be- 
cause the court of last appeal is always the War Department. If that 
department deems that the clear opening or openings suggested by the 
designer be insufficient, it has no hesitation whatsoever in saying so and 
in compelling the petitioner for approval to increase the said clear open- 
ing or openings as much as its engineers consider advisable. Up to the 
present time the War Department has almost always accepted plans of the 
author’s in which the excess percentage referred to has been twenty-five 
or even less; but its having done so in the past is no reason for assuming 
that its engineers will always be willing to recognize that percentage as 
their maximum requirement. Accepting this settlement of the question 
as fixed, it is practicable to compare swing spans with bascules and vertical 
lifts. 

In most cases when swing spans and bascules arc compared the result is 
either a stand-off or more or less in favor of the bascule. The conditions 
would be unusual where the swing proves to be much more economic — ^for 
instance, where the deck is very close to the water, thus necessitating a 
well or wells for receiving the counterweighted end or ends of the bascule. 

In almost^ no practicable case is the swing materially more economic 
than the vertical lift, unless, perchance, the opening be very narrow, the 
vertical clearance veiy great, and the depth of the bed rock small — a 
most unusual combination. In almost every case of comparison which 
has occurred in the author’s practice the vertical lift has proved less 
expensive than the rotating draw. 

Considering now bascules and vertical lifts, in most cases the economic 
comparison favors thc^ latter type. It always docs so if the vertical clear- 
ance is not in excess of fifty or sixty feet. If the clearance be the usual 
one for ocean-going vessels, viz., 135 feet, the cost of the bascule and that 
of the vertical lift will be equal for clear openings of about one hundred 
feet or, in extreme cases, one hundred and twenty-five feet. The longer 
the movable span, the closer the deck to the water, the deeper the bed- 
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rock, or the smaller the required vertical clearance, the greater will be the 
comparative economy of the vertical lift. 

More still, perhaps, might advantogcously be stated concerning “True 
Economy in Design,” but lack of space prevents. Enough, however, has 
been said in this chapter to show the necessity for paying strict atten- 
tion to the subject of economics in designing structures both as a whole 
and in detail. The reader’s attention is called to a valuable paper en- 
titled “Highway Bridges from the Investment Point of View,” by C. R. 
Young, Esq., a Canadian engineer, published in the Engineering Record 
for March 18, 1911. While it was written specially for Canadian condi- 
tions, it is also applicable to those of many parts of the United States; 
and the writer’s treatment of the subject is of such excellence as to make 
its perusal well worth while for any engineer who is interested in highway 
bridgework. 



CHAPTER LIV 


DETERMINATION OF LAYOUTS 

The determination of the layout for a large structure is one of the 
most important responsibilities in the province of the bridge engineer; 
and to do the work in the most effective manner possible demands a wide 
experience, coupled with guiMi judgment and the ability to foresee even- 
tualities over a long period of years. The general idea that the best 
possible layout is the one which makes the first cost of structure a min- 
imum is a fallacy; for them are many other considerations besides econ- 
omy in initial expenditure that are of great importance. The following is 
a fairly complete list of the various items which should be carefully con- 
sidered Ixsforc settling finallj' uiKin the layout of grades, clearances, span- 
lengths, character of substructure, and type of superstructure to adopt. 
This is a long list, but it must lie remembered that it is intended to cover 
all the considerations for all cases, and that, probably, only a few of 
the items will apply to any particular case. 


List of Factors and Conditions Affecting the Layouts of 

Bridges 


A. Government Requirements. 

B. Grade and Alignment. 

C. Geographical Conditions. 

D. Commercial Influences. 

E. Property ('onsidcrations. 

F. General Features of Structure. 

G. Future*Enlargement. 

H. Time Considerations. 


I. Stream Conditions. 

J. Foundation Considerations. 
iC. Navigation Influences. 

L. Construction Facilities. 

M. Erection Considerations. 

N. .Esthetics. 

.0. Maintenance and Repairs. 
P. Economics. 


While there is an attempt at logic in the arrangement of the preceding 
list on the combined lines of natural sequence and comparative impor- 
tance, it is impos.sible to. state in advance for any particular case or class 
of cases which are the items that should receive the most consideration. 
Each item will be taken up and discussed in the order adopted in the list. 


Government Requirements 

In Chapter L the requirements of the United States Government reg- 
ulating the bridging of navigable streams arc treated at length. Neither 
the Federal Government nor any of the State Governments, however, con- 
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cem themselves with the bridging of streams that are not navigable, un- 
less it happen that suit against the builder or the proposed builder of the 
bridge be instituted in either a State or a Federal Court, when, of course, 
the law will bo concerned. 

The War Department nearly always confines its attention to a few 
salient features of any proposed crossing of a navigable stream, viz., the 
span lengths, the clear waterway for navigation, the angle of skew (if 
the crossing be not square), the position of the movable span or spans 
(if there be any), the clear headway above high water for both the mov- 
able and the fixed spans, the character and the dimensions of the draw 
protection, and the amount of obstruction to the flow of water caused 
by the piers — especially those i)arts thereof below low water mark. 

In spite of the fact that the War Department has certain rules for 
determining the span-lengths for crossing various navigable rivers, the 
•said rules are more or less elastic; hence it wMIl generally pay any con- 
sulting bridge engineer, or other engim^'r who intends to bridge navi- 
gable water, to consult first with the local engineer of the Government 
who has charge of the district in which the proposed structure is located, 
and later, if necessarj", with headquarters at Washington, in order to 
s(^ttle as to what the (^xa(•t requirements of the (Jovermnent will be. Often 
by stating one’s case ckiarly and logically one can persuade the authori- 
ties to ease up on some? n'gulation that appears to be unnec(^ssarily stren- 
uous or severe. For instance;, the relation between the widths of clear 
openings required for swing spjins and bascules or vertical-lift spans is 
a matter that lias never been finally determined by the Department, 
each case as it arises b(;ing solv(;d on its own merits. 

Again, if the limiting kuigth of span set by the Government does not 
exactly fit a crossing, one has tq put in a shorter span at one end of the 
bridge, or to increase equally all the span-l(;ngths, or else to obtain per- 
mission to decrease them equally. If the decrease be small, it is some- 
times practicabh; to obtain the consent of the Department to the adoption 
of the shortened span-length. 

In the case that the grade of a bridge is so low as to bring the clear- 
ance line too close to the elevation of high water to meet the Govern- 
ment requirements, it is sometimes possible to {lersuade the Department 
to permit an encroachment; but to do so would certainly be bad policy, 
for the limit set by the United States Engineers is adjusted about right 
to provide safety from passing drift. 

In respect to the position of the movable span, the broad statement 
can be made that its mid-length should coincide with the deepest part 
of the channel; but there are occasional exceptions to the rule, notably 
when the channel is not i)ermanent, or where it can advantageously be 
shifted by a little dyking. Permission to do such shifting and to locate 
the movable span accordingly would have to be obtained from the War 
Department. The latter may have something to say about the angle 
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of skew, as the United States Engineer Corps always advocates a square 
crossing, if it be practicable; hence the bridge engineer who desires to 
obtain approval for a bridge on a skew of any magnitude must be pre- 
pared to show good reason for his request; and even then it may not be 
granted, because, like the author, the Government engineers look upon 
a skew bridge as an abomination. 

While the Department docs not pay much attention to the character 
of the draw protection, it is likely to insist that it be not omitted and 
that its dimensions be satisfactory. 

Ordinarily, also, it does not concern itself with the dimensions of the 
substructure; but sometimes, especially in case of a skew bridge, objec- 
tion is raised to placing too much rip-rap around the piers and thus ob- 
structing the flow of water in the channel. 

Grade and Alignment 

In most cases the grade and the alignment of the railroad or travel- 
way are determined before the bridge engineer is called in, but some- 
times it is otherwise; and there arise occasionally conditions which com- 
pel a conscientious bridge specialist to insist upon a change in either the 
grade or the alignment — or in both. The ideal way to adjust the grade 
on a structure is to carry it over unbroken and, preferably, level, thus 
avoiding cither a sag or a hump, as either of these objectionable condi- 
tions involves loss of power due to the climbing of unnecessary grades. 
Again, any great sag causes traction stresses and a shock that might 
better be avoided, if practicable. The ideal alignment for a structure is 
not only to have it on tangent throughout its entire length, but also to 
continue the said tangent quite a distance away from the bridge at each 
end. Sharp curves constitute an invitation for derailment; and a de- 
railment on a bridge or near the end of one is liable to prove disastrous. 
A reverse curve on a structure or on an approach thereto is not permis- 
sible. Where two curves in opjwsite directions come close together, there 
should be a stretch of tangent between them; and when this tangent is 
on a bridge, it should be made as long as possible. Sometimes it is en- 
tirely impracticable to avoid curvature on bridges and their approaches, 
as in the case of a railroad following the course of a river that runs be- 
tween high banks and having to cross it from time to time in order to 
avoid heavy excavations and tunnelling. In such cases curves on the 
approaches arc unavoidatde, and often it is necessary to put a part or even 
the whole of the stmeture itself on curve. Such a general condition ex- 
isted on the line of the Canadian Northern Pacific Railway as it followed 
up the Frascjr and the Thompson rivers, crossing them nine times with 
only one structure entirely on the square. 

In some skew crossings, especially when the obliquity is small, it is 
permissible to square the. piers to the structure, thus saving considerable 
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masonry; but this practice is not always advisable because of the dam- 
ming of the water by the large area of the substructure that is opposed 
to the current. 

The layout of any bridge on a curve, or which has its approaches on 
curve, is greatly affected by the curvature, in that it has a tendency to 
shorten the span lengths in the effort to avoid excessive width of super- 
structure and undue increase in length of piers. 

Geographical Conditions 

The layout of a bridge is sometimes influenced to a certain extent by 
its geographical location, because a structure suitable for the heart of 
a city might not bo appropriate in a coimtry district, and vice versa. 
Generally the variation involved would be a question of aesthetics, or 
possibly one of flooring, for sometimes it is necessary to cover over the 
deck of a railroad bridge so as to permit it to take care also of highway 
traffic. In mountainous districts where the transportation of large, heavy 
pieces is either very expensive or altogether impracticable, the layout 
would be governed by this condition. 

Commercial Influences 

The principal commercial consideration that will affect the layout of 
a bridge is the amount and character of the traffic of which it will have 
to take care. If there is a variety of traffic, such as steam railway, elec- 
tric railway, wagon, and pedestrian, considerable attention must be paid 
to the question of how best to take care of all probable combinations of 
the different kinds. Much money can be saved for a client by a bridge 
engineer who knows how to handlb the question; and much can be wasted 
by one who is not properly posted on this important subject. An indis- 
putable proof of the correctness of the latter statement is furnished by 
the notorious case of a proposcid bridge to cross the Second Narrows at 
Vancouver, B. C. In that layout three railway tracks were adopted 
where two would have served the purpose equally well, with the result 
that the estimated cost of the structure was increased about seven hun- 
dred and fifty thousand dollars, and the project, in consequence, was 
either killed or relegated for consummation to the dim and distant future. 

Property Considerations 

Property considerations sometimes have a far greater effect on the 
layout of a structure than is at all legitimate. For instance, in the case 
of the Northwestern Elevated Railroad of Chicago, engineered by the 
author in the early nineties, certain high prices for land caused the com- 
pany to lay out such a crooked line as to interfere materially with the 
attainment of a satisfactory train velocity. Refusal of property owners to 
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allow the construction of piers or pedestals on their land will often oblige 
an engineer to adopt an unduly long span or spans, or even an entirely 
different type of construction from the ordinary. Again, the necessity 
for occupying a certain city street will sometimes change entirely the 
character and layout of an approach to a bridge, and it might affect even 
the layout of the bridge itself. The method of crossing a railroad track 
at the entrance to a bridge might alter fundamentally the type of struc- 
ture, a low bridge with an opening span being adopted if the crossing 
be at grade, and a high bridge with fixed spans if it be overhead. Public 
improvements sometimes cause material modifications of plans for pro- 
posed bridges; and even projected improvements with prior rights are 
liable to cause troublesome interference. The author has lately encoun- 
tered obstructive opposition of this nature on a big bridge project upon 
which he is at present engaged. 

General Features of Structure 

The question of whether through, deck, or half-through truss spans or 
girders are adopted is one that will radically affect the layout, but mainly 
in the line of economics, because deck structures in most cases involve 
a saving of expense in both substructures and superstructure, in that the? 
piers arc shorter than those for through or half-through spans, and, gen- 
erally, the spans are narrower, thus causing a saving of metal in both 
the cross-girde'rs and the lateral bracing. The clear headway required, 
especially for short spans, is likely to influence the layout more or less. 

The possibility of using buried piers and protecting the feet of the 
embankments near them by rip-rap will not only aff('ct the physical ap- 
pearance of the bridge, but also it will modify the econoinicrs of the crossing. 

In case a bridge is to cross a navigable stream, the? layout of spans 
will depend primarily upon w’hether a swing, bascule, or vcTtical-lift span 
is adopted for the op<;ning. If a swing is employed, it will generally re- 
quire an expensive draw protection, while for a bascule or a verticsal lift 
some comparatively inexpensive dolphins, either with or without cheap 
fender walls of sheathed piles, will suffice. 

The possibility of building an arch, a cantilever, or a suspension bridge 
instead of a simple span structure would affect the layout in many ways — 
physically, aesthetically, and economically. 

Again, the material adopted for construction — ^whether masonry, con- 
crete, steel, or timber — ^will have a similar influence. 

The matter of shore protection is not likely to affect directly the lay- 
out for a bridge, although its use certainly docs increase the total cost; 
but it might be the reason for shifting the crossing to a location where 
the bank is better protected by nature against scour. 

Finally, the layout is affected by the character of the approaches; for 
they may be of earth embankment, timber or pile trestle, steel viaduct, 
or reinforced-concrete girders or arches. 
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Future Enlargement 

The possibility of future enlargement of structure ought to receive con- 
sideration; and if it be decided that it is at all probable, a study of the 
layout should be made so as to determine how best to accomplish such 
enlargement when the time comes for so doing. The points to consider 
are whether it will be best to build an entirely separate new bridge close 
alongside, or to put a double-track superstructure on the old, single- 
track piers by enlarging them or expanding their tops, or, at the outset, 
to put in large piers and build the superstructure in such a manner that 
the trusses can be doubled in the future. 

Time Considerations 

The time allowed for completing the substructure or tne superstructure 
or the whole bridge may affect the layout, for it is understandable that 
a certain type of structure could be built in a certain limited time while 
another type of structure could not. Again, the Icmgth or shortness of 
the working season that is entirely free from danger of washout of false- 
work could be a sufficient reason for changing materially the layout — 
for instance, by necessitating pin-connected spans instead of riveted ones. 

Stream Conditions 

The various influences of the stream that is to be crossed are more 
potent than most other factors in affecting the layout. The high water 
and the low wat(;r elevations arc important features in the designing of 
the piers; the amount and character of the drift determine the minimum 
vertical distance between high w^ter and the bottom of the superstruc- 
ture, and, therefore, aid in settling the pier height; and the amount and 
consistency of the passing ice constitute an important factor in the design 
of the piers, especially in respect to their length and the character of 
their end finish; and any increasing of the cost of the piers tends, for 
economic reasons, to lengthen the spans. 

The clear waterway required to pass the probable maximum flood, 
as determined in Chapter XLIX, will often settle the total length of 
structure; and it may result in raising the liigh water mark that was de- 
termined in some other manner. The profile of the river-bed and the 
probable scour of the materials of which it is composed are likely to affect 
the layout, especially if the piers require expensive protection of mattress 
work and rip-rap to check the said scour. The frequency and extent 
of the floods will influence the cost of building the piers — and hence also 
the determination of the layout — as will also the questions of rise and 
fall of tides, velocities of the passing water, reversal of current, and the 
existence or possible future building of levees. 

A most important factor is the possibility of the permanent shifting 
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of the channel from one side of the river to the other. If this possibility 
exist, one of three tilings must be done, viz.: first, two movable spans 
must be provided; second, some effective method of retaining the chaimcl 
in one position must be arranged for; or, third, the design must be so 
made that any fixed span of the structure may at any time be converted 
into a vertical-lift span. 

Foundation Considerations 

Important also in the determination of layout are the character and 
the depth of the substructure foundations. The deeper the piers have 
to go the longer will be the economic lengths of the spans. Again, the 
more difficult it is to penetrate the materials overlying the bed-rock or 
final foundation, the greater the cost of the piers, and the longer the 
economic spans. The ultimate depths to foundation and the materials 
to be penetrated determine what process of sinking to adopt; and as the 
cost of the substructure depends upon the said process, so also will the 
layout. 

Navigation Influences 

The influences of navigation that are likely to prevail during the time 
of the contractor’s operations may be of such moment as to affect more 
or less the design and the layout of the structure; although this is not 
very likely. Again, the possibility in the future of greatly augmented 
river traffic may influence the type of movable span adopted. 

Construction Facilities 

The availability or otherwise at the bridge site of sand, gravel, concrete- 
stone, a machine shop for repairs, and a reliable source of supplies for the 
work and workmen, the accessibility or the contrary of the site from the 
nearest railroad depot or siding, the length and difficulty of wagon-haul 
or other means of transportation of materials and supplies, the facilities 
for securing and retaining labor, and the availability of supplies of timber 
and piling all affect greatly the cost of the substructure and to a minor 
degree that of the superstructure — whence also the layout of spans and piers. 

Erection Considerations 

The difficulties that may be anticipated for erection, and the method 
thereof finally adopted, whether by falsework, cantilevering, semi-canti- 
levering, or flotation, are important factors affecting the layout of the 
structure, as are also the questions of the maintenance of traffic and the 
replacement of an existing bridge. 

.Esthetics 

Too often the question of sesthetics is totally ignored; but when it is 
given proper consideration, it may cause modifications in span lengths, 
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truss dimensions, and shapes of piers. How much extra money it is 
legitimate for a bridge engineer to spend for the purpose of beautifying a 
structure is a mooted point. It depends greatly upon the designer’s ap- 
preciation of the beautiful in nature and in art, as well as upon the elas- 
ticity of the client’s purse and the extent of the influence upon him exerted 
by his consulting engineer. Generally speaking, the best layout for all the 
other ruling causes is the best also for aesthetic reasons; but there are cases 
when a little extra expenditure of money, time, and brains will secure great 
improvement in appearance; and in such cases the beautifying of the 
construction should, if possible, be accomplished. 

Maintenance and Repairs 

The cost of maintenance and repairs as well as that of operation may 
sometimes be a vital consideration affecting the layout of a structure. For 
instance, when the Jefferson City highway bridge over the Missouri River 
was about to be built, the bridge company, in spite of the author’s forcible 
remonstrance, let the contract for the structure on the basis of a high bridge 
with a long and expensive timber trestle approach. Later they were con- 
vinced that the annual expense of maintaining the said trestle would be so 
great as to consume more than the total net income from traffic receipts; 
hence they had to change to a low bridge design. 

Economics 

From time to time an engineer encounters a bridge problem in which the 
controlling factor in the layout determination is really that of economics, 
and then he is happy; for, comparatively speaking, the case is a simple one. 
By making the cost of each pier e^jual to one-half the cost of the trusses 
and lateral systems of the two spans which it helps to support, the greatest 
possible economy will be obtained. A case of this kind occurred in the 
author’s Canadian Northern Pacific Railway bridge across the North 
Thompson River, near Kamloops, B. C. As shown in Fig. 31aa, the 
structure consists of a number of deck, plate-girder spans, one of which is 
lifted so as to permit of the passage of small river steamers at certain high 
stages of water. 

The requirements of [esthetics often conflict with those of economics; 
for it would not look well to let the span lengths change backward and 
forward, perhaps, to suit the vagaries of an unusual bed-rock profile; 
hence it is best in many cases to compute the economic span length for 
average conditions of pier cost and to use one length instead of several. 
It will generally be found that such an arrangement docs not involve any 
extra expenditure worth mentioning when the cost of structure for that 
layout is compared with that for the truly economic one. The question 
of economics, however, cannot be finally settled by adopting simply that 
structure for which the initial cost is a minimum; because, as pointed out. 
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in Chapter LIII, the truly economic bridge is the one for which the sum of 
the first cost and the capitalized annual cost of operation, maintenance, 
and repairs is a minimum. 

As a conclusion to the general subject under discussion, in order not to 
discourage young engineers, it might be well to state that any designer who, 
when determining the layout for any large and important bridge, can and 
does give full and due consideration to all the factors treated in this chapter, 
is truly worthy to be termed an expert bridge engineer. 



CHAPTER LV 


WEIGHTS OF STEEL. SUPERSTRUCTURES 

This chapter contains a large number of diagrams of weights of metal 
per lineal foot of span compiled in the author’s office during the last 
quarter of a century by the expenditure of much time and money and 
through great effort. They have been thoroughly revised so as to agree 
with the specifications of Chapter LXXVIII. In addition to the said 
diagrams there are indicated numerous methods of finding the weights 
of metal for various parts of bridges when the weights of the correspond- 
ing parts of somewhat similar bridges are given. The said methods con- 
sist in applying certain transformation formula); and these are of two 
kinds, viz., one in which the span remains constant and the applied load 
per lineal foot varies, and the other in which the load per lineal foot re- 
mains constant and the span length varies. In case that both the span 
length and the load per lineal foot vary, the effect of one variation is first 
computed, and then the resulting weight is modified because of the other 
variation. 

At the end of this chapter there are presented eleven examples of how 
to utilize the numerous curve-diagrams herein given; and they were so 
selected as to be typical of all the various weight-calculation problems 
which are likely to occur in a bridge engineer’s practice. The reader who 
expects ever to utilize any of these diagrams is advised to peruse the 
entire chfipter carefully and to ^‘heck the numerical calculations of all 
the examples, in order that he may accustom himself to the rapid com- 
putation of weights of metal in bridges and trestles of all kinds and for 
all classes of loading. 

In general the diagrams submitted are for railroad bridges, but some 
of them are specially for highway bridges, and others apply to both classes 
of structures. In no cases are the weights of rails or hand-rails included. 

Single-Tilvck Railway Bridges 

The following explanation of the diagrams will be needed: 

In rolled I-beam spans there are four lines of I-beams per track. 

In plate-girder spans cast-steel pedestals are employed for spans 
below 50 feet and cast-steel shoes and rollers for spans of 50 feet and 
over. No bottom lateral system is used for spans below 70 feet. In 
half-through spans there are four lines of I-beams per track acting as 
stringers. 

In truss spans the weights given for the floor system include those 
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of the stringerSi stringer bracing, end stringer brackets, and intermediate 
and end floor-beams. There arc two lines of stringers spaced seven (7) 
feet centres. In respect to the metal on piers, the pedestals and the 
bases are of cast steel, and the weight of the pedestal pins and their nuts 
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Fio. .5t5a. Single-track-railway, I-bcain Spans — Total Metal in Span. 


are included in the weights given by the curves. In respect to the lat- 
eral system, the bottom laterals of through spans and the top laterals 
of deck spans are of two-angle section in the form of a T with transverse 
single-angle struts between stringers to take up the effect of train thrust. 
The top laterals of through spans and the bottom laterals of deck spans 
are of four-angle I-section laced. The portal bracing is of the double- 
plane type. 

Figs. 55a to 55q, inclusive, give, for single-track railway bridges, the 
weights of metal per lineal foot of span for rolled I-beam spans; deck 
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plate-prdcr spans; half-through plate-girder spans; through, riveted, 
Pratt-truss spans; through, riveted. Petit-truss spans; deck, rivetetl, 
Pratt-truss spans; through, pin-connected, Pratt-truss spans; and through 
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Fio. 556 . Single-track-roilvay, Deck, Flatc-ginicr Spans — ^Total Metal in Span. 
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pin-connected, Petit-truss spans. In truss spans there arc separate 
diagrams for the floor system, the lateral system, the trusses, '‘on piers,” 
50 60 70 SO » m m 
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Eio. 55c. Singlc-track-railway, Half-through, Platcj-girrler Spans — Total Metal in Span. 

and a combination of the four groups giving the total weight of metal 
per lineal foot of span in the structure. Fig. 55/ gives the percentages for 
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details to be added to the total weight of metal in the main sections of 
the truss members, figuring their lengths from centre to centre on the 
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Fio. 5M. Singlo-irock-railway, Through, Truss Spans — Metal in Laterab and on Piero. 

skeleton diagram and not from the actual lengths of metal. This is much 
more convenient, because the determination of the exact lengths of the 
members necessitates considerable extra work for the computer. Should, 
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however, anyone desire to use the actual lengths, all the percentages giver' 
by the curves are to be increased by two. 

Fig. 55j involves the use of ^'double-tracing” curves, hence it may 


Length of^S^ninFeet 
0 m 400 600 



Pane/ length mFeet 

Pig. 55e. Single-track-railway, Through, Riveted, Truss Spans — Metal in Floor 

System. 


WEIGHTS OP STEEL SUPERSTRUCTURES 


1225 


need some expLanation. To employ it, first find the panel length near 
the lower left-hand comer on the exterior vertical line, then tracie hori- 
zontally to the curve which corresponds to the distance from centre to 
centre of tmsscs, thence vertically up to the curve which indicates the 
class of loading, and then horizontally to the left until the outer vertical 

m e9 m JIS0 m i4o m m 



Lengfh of Cjpontnfee:^ 

Pm. 55/. SinRle-irack-railway, Rivctcil, Pratt-tniss Spans— Percentages of Metal in 

Tniss Details. 


line is reached. On that line the reading indicated will give the weight 
of metal in pounds per lineal foot of span for the floor system of the bridge. 
This double-tracing method is very economical of space, for it obviates 
the necessity of reproducing many individual diagrams; and it makes the 
work of interpolation much easier. 

Double-Track Railway Bridges 

Figs. 55r to 56da, inclusive, give for double-track railway bridges the 
same information as was previously described for single-track railway 
bridges, with the exception of the deck truss spans; hence they require 
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no further explanation, except tliat the lx)ttom lateral diagonals of all 
truss spans arc composed of four angles laced in the form of an I, that the 
weights for double-track, dwk, plate-girder spans arc just twice as great 
as those for the corresponding single-track spans, and that the weights for 


m /^o m /60 m m m ^4o eso m JBO 
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Le/jf^h 

Fig. . 5.5^. Singlc-traok-railway, Through, Riveted, Priitt-tnisH Spans — 

Metal in Tru>«M-s. 

half-through, plate-girder spans are less reliable than the other records 
because the restrictions in respect to vertical distance between clearance 
line and base of rail will modify materially the weight of both the 
floor-beams and the brackets that stiffen the top flanges of the main 
girders. 
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Percentages of Details fob Trusses 

Referring to Fip. 55/ and 55u, which give the percentages to add to 
the nominal weights of main members of riveted spans in order to allow 



Fig. 65A. Sin^e-track-railway, Through, Riveted, Pratt-tnus Spaas— 
Total Metal in Span. 


for the details, it will be seen that the heavier the loading the smaller 
is the percentage. This is true within the limits of the diagrams, which 
extend only to spans of 300 feet. It will lie noticed also that most of the 
curves become horizontal. Were they continued beyond the 300-foot 
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Pia. 55». Single-track-railway, 'flirough, Riveted, Petit-truas Spans — Metal in Trusses 

and Total Metal in Span. 
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For light, short-span bridges the percentages run high, mainly because the 
thicknesses of the connecting plates are greater than pure theory would 
call for, and because good proportioning demands that details, such as 


/a? m m m F40 260 £89 M 



Len^fh of 6pan tn feef' 

Fig. 55k. Singlc-track-railway, Deck, Riveted, Pratt-truss Spans — Metal in Laterals 

and on Piers. 

lacing and batten plates (and often even the connecting plates), have pro- 
portionately larger sizes than they would have in heavier structures. But 
as the weight of metal per lineal foot increases, cither because of greater 
span length or on account of heavier loading, the proportioning of the 
fletails is governed more and more by theoretical considerations, and 
there is less apparent extravagance of metal in detailing; hence the per- 
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ccntagc diminishes until the stud apparent extravafi^ee reduces practically 
to zero, when the curve becomes horizontal. For a short distance it 
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Fia. 55L Singlo-track-railway, Deck, Riveted, Pratt-tmss Spans — Metal in Trusses. 


m<ay remain so, out presently there arise conditions which cause an increase 
in detailing, such, for instance, as the necessity for using diaphragms in 
compression members, the great munber of splices required in the web 
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plates of the chortls l)cc:iusc of the iiuvbility to secure long, deep plates, and 
the piling up of coimwtirig plates at the intersections; then the curve 
begins to rise and continues to do so as the spans become heavier and the 
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main details more clumsy. The adoption of closed box compression chords 
would tend to reduce the percentages somewhat, but that style of detailing 
has not yet come into vogue. For riveted trusses it is impracticable to 
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Fio. 65 n. Singlc-track-railway, Through, Pin-connected, Truss Spans — Metal in 
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diagram the percentages for details by the span length so as to suit all 
cases of loading, but the curves in Figs. 55/ and 55w are reliable as far as 
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Len^fh in Feefj 

Pio. 55 o. iSinRlc-f rack-railway, ThrouRh, Pin-connected, Prat t-truss Spans Metal 

in ^’1118808. 


they go. In the former diagram, which coveis singlc-tra(jk structures, the 
author would suggest that after 300' for Class 70 or 400' for Class 40 the 
turves be assumed to rise gradually from about 33 per cent up to 40 per 
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Fig. 55p. Singlo-track-railway, Through, Pin-connected, Pratt-truss Spans — ^Total 

Metal in Span. 




Len^fh of ^^pan mFoof^ 

Fio. 55g. Single-iraok-raihvay, Through, Pin-nonnenterl, Petit-truas Spans — Metal 
in Trusses and Total Metal in Span. 
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cent at a length of 500 feet, which is longer than anyone in these days is 
likely to build a single-track span. Fig. 55u shows the double-track 
soeoToaosBuo HO aoao 



Fig. 66r. Double-track-roilway, Half-through, Platc-ginlcr Spans — ^Total Metal in Simti. 

percentages to have reached their minima of 31 and 32 at span-lengths of 
300 feet or less; and the author would suggest that these be gradually 




no m m Bso 30ff 



Pant/Lengffiinfitf, 


Fio. 66«. Double-track>raflway, Through, Riveted, Prstt-trues Spans — Metal in 

Bloor System. 
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increased to 45 per cent at spans of 800 feet. For heavier loadings than 
those of double track the curves may be assumed to begin to rise at spans 



m eo M /6Q' m m m m m 

Len^ afS^aninfeet 

Note. — C urves on the right are for spans with curved top chords; curves on the 
left are for spans with parallel chords. 

The addition of transverse stiffening diaphragms in all truss iiK'inbors will add about 
5 to the percentages shown. 

The weights of main sections arc to be figured by using the (lentre to centre lengths, 
not the actual lengths, of the members. If the actual lengths are used, the percent- 
ages given in these curves are to be increased by 2. 

Fig. 65m. Double-track-railway, Through, Riveted, Pratt-tniss Spans— Percentages 
of Metal in iSruss Details. 


of 250 or even 200 feet and to reach 45 per cent at spans of 600 or even 
500 feet. Truth to tell, there is almost nothing known positively about 
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the detail percentages for long, heavy, riveted spans, but the author 
believes that the figures he has given will prove to be about right. Much 
depends upon the personal equation and the skill of the detailer. Long- 
span riveted bridges are just beginning to come into vogue, hence this 



Fig. 55t;. Doublc-track-railway, Through, Rivotod, Pratt-truss Spans — Metal in 

IVusscs. 


question of percentage to add for details is likely to bo an important one. 
Of course, the assumed percentage cuts no figure in the final design; but 
by knowing just about what is right, the computer will probably save one or 
possibly two re-figurings of stresses, sectioas, and weights of trusses caused 
by an excess in the resulting dead load. 

In the days when he built pin-connected spans the author employed 
percentages for details varying from 32 for short, light spans down to nearly 
20 for long, heavy ones; but in view of the improvements effected in detail- 
ing since then, and especially because of the adoption of diaphragms for 
''heavy compression members, he would suggest that the percentages be 
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35 for spans of 200 feet and 30 for spans of 1,000 feet with proportionate 
amounts for intermediate spans. In pin-connected trusses there is no 
such tendency to increase the percentage with the weight per foot of 
structure (excepting only a trifle by the sudden passing to the use of 
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Fio. 55w. Doublcvtrack-railway, Tlirough, Riveted, Pratt-truss Spans — ^Total Metal 

in Span. 


diaphragms in compression members) as there is in riveted structures; 
but, on the contrary, there is a gradual decrease, mainly because of the 
greater panel lengths adopted and, therefore, the smaller proportionate 
number of splices and pins. Again, the percentage depends more upon the 
span-length than upon the size of the load carried; consequently greater 
uniformity exists. The author believes that the percentages just given for 
pin-connected spans arc truly reliable and on the safe side, and that. 
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barring only the effect of the iiersonal equation of the designer, they may 
used unhesitatingly. 

Swing Spans 

In respect to weights of metal for swing spans, although the author has 
numerous records therefor, he has decided not to reproduce them, because 




Len^h of Span 

Fig. 55x. Double-track-railway, Through, Riveted, Petit-truss Spans — Metal in 
Floor System, Laterals, and on Piers. 


that type of movable bridge is slowly but surely being supplanted by the 
vertical lift and the bascule, as pointed out in Chapter XXVIII. However, 
tb^ are given the following directions for finding the weights of metal 
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Ita. 56y. Double-tradc-railway, Tlirough, Riveted, Petit-truss Spans— Metal in 
Trusses and Total Metal in Span. 
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for swing spans from the diagrammed weights of metal for fixed 
spans. 

The weight of metal per lineal foot in the floor system is practically the 

mm. mmmmsofxoMMM 



/s ^ 


Fig. 552 , Doublc-trark-railway, ThrouRh, Pin-conncctcd, Pratt-tniss Spans — Metal 
in Floor System, I^atcraLs, and on Piers. 

same as for a fixed span of equal length, provided the perpendicular 
distance between central planes of trusses is unchanged. For a single- 
track bridge the weight can be found from Fig. 55e or Fig. 65n by adding 
to the quantity given by the lower group of curvi^s an amount obtained 
by entering the upper group with a “span length'' of twenty times the 
perpendicular distance between central pianos of trusses. 

The weight of metal per lineal foot for the lateral system of a swing 
span is equal to the corresponding weight for a fixed span having a length 
equal to seventy (70) per cent of the total length of the said swing span, 
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provided the distance from centre to centre of trusses is unchanged. In 
case the width changes, the weight of the lateral system can be assumed 
to increase or decrease about half as rapidly as does the width. 

The weight of metal per lineal foot for the trusses of any swing span 
can be found by taking that for the corresponding weight of a fixed span 
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Fia. 55aa. Doublo-track-railway, Through, Piii-Conncctol, Pratt-truss Spans — Metal 

in Trusses. 


having a length equal to sixty (60) per cent of the total length of the said 
swing span. 

The weight of metal in the drum, macliinery (exclusive of motors or 
engines), and on piers for rim-bearing, single-track railway bridges is 
just about one-third of the combined weights of the floor system, lateral 
system, and trusses. For centre bearing swings the amount is somewhat 
less, but the author has not sufficient data to say exactly what should 
be the percentage to apply to the aforesaid combined weight in order to 
find it; but he is of the opinion that it is not less than twenty-five (25) 
nor more than thirty (30). 
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Unfortunately, the records for metal weights of double-track railway 
swing-spans are too meagre to warrant the giving of rules for finding 
them from the corresponding weights of simple span bridges of the same 
general type; but from a priori reasoning the author ventures the opin- 
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Fia. 5566. Doublc-trafk-milway, ThrouKh, Pin-connccted, Pratt-truss Spans — ^Total 

Metal in Span. 


ion that th(? rules previously given for finding the metal weights of single- 
track swings will apply also to the finding of those for double-track swings, 
or, at any rate, the (jrror involved by so doing would bo quite small. In 
a comparative design made lately in the author's office for a 480-foot, 
rim-bearing swing-span for the Pacific Highway Bridge over the Coliun- 
bia River between Vancouver, Wash., and Portland, Ore., the width of 
structure being about fifty feet, the percentage for metal in drum, ma- 
chinery, and on piers was thirty-five and a half, which is probably a little 
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greater than it would be for a double-track railway bridge of the same 
span, because the trusses are spaced farther apart. 



Length of^paninFeef- 

Fia. 55cc. Doublo-trock-railway, Through, Pin-connected, Petit-truas Spans — Metal 
in Floor System, Laterals, and on Piers. 

However, the total weights of metal per lineal foot of span for both 
single-track and double-track swings (either rim-bearing or centre bear- 
ing) can be found from the diagrammed weights of similar fixed-span 
bridges of the same character and total span-length by ascertaining from 
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Fig. S5dd. Doublc-track-railway, Through, Fin-conncctcxl, Pctii-truss Spans — Metal 
in Trusses and Total Metal in Span. 
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Fig. 55ee the proper percentage to apply to the said weights of metal for 
simple spans. 

Simple Girders and Trusses 

In making estimates it is often desirable to know the total weight 
of metal per lineal foot of span for a girder or truss to carry a certain 
total load per lineal foot of span, including dead load, live load, and im- 


100 200 300 m 500 m 



7b/a/ Len^//? of Stv/n^ m fieef. 


Fig. 55ee. Metal in Swing Spans, in Percentages of Weights of Simple Spans of the 

Same Total Length. 

pact. Figs. 55// to 5511, inclusive, give such weights respectively for 
plate-girders of economic depth; through, riveted Pratt-triisses; through, 
riveted Petit-trusses; deck, riveted Pratt-trussos; light, riveted, through 
highway-trusses with minimum thickness of metal equal to five-sixteenths 
(ae) of an inch; through, pin-connected Pratt-truss('s; and through, 
pin-connected Petit-trusses. These curves are S(^lf-(;xplanatory. The 
load per lineal foot includes the weight of the girder or truss in every 
instance. The author has been employing diagrams similar to the seven 
in the last group for some ten years, and has found them (^xceinlingly use- 
ful and very accurate, notwithstanding the predictions of his assistant 
engineers to whom he allotted the task of their preparation; for without 
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exception they declared that correct diagramming on the indicated lines 
was impossible. 

Fig. 55m/n gives the weights of pedestals at ends of truss spans for 
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Lenf77) of tSpan in /^/ 

Note. — ^The weight of the ginlcr is to be included in finding the load on the girder. 
Fio. -iSiff. Plate fJirders wiih llivctwl Knd-connnctions — Metal in One CirdiT. 


total loads at corners, varying from small amounts up to 2,500,000 ll)s. per 
comer. All shoes are of cast steel; and the weights include those of the 
pedestal pins and nuts. 
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Len^fh in Feef. 

Note. — ^The weight of the truss is to be included in finding the load on the truss. 
Fio. 65^. Through, Riveted Pratt Trusses — Metal in One IVuss. 
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Notk. — ^Thc weight of the truss is to be included in finding the load on the truss.* 
Fio. 5ohh, Through, liiyetcd Petit Trusses — Metal in One Truss. 
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Fia. 55kk, Through Pin-connected Pratt Trusses— Metal in One Truss. 
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Note. — ^^rhn weight of the truss is to be included in finding the load on the truss. 
Fig. 55//. Through, Pin-connected Petit Trusses — Metal in One Truss. 
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Single-Track Railway Trestles— Type I 

Figs. 55nn to 55rr, inclusive, show weights of metal for single-track, 
steam-railway, steel trestles with every alternate span a tower span, up 
to a limit of two hundred and forty (240) feet in height, measuring from 
^ top of masonry to base of rail. 



Fig. 66wn gives the weights of metal per lineal foot of structure for 
the girders and girder bracing. (It is to be noted that there are no cover 
plates for the top flanges. They are omitted so as to avoid notching the 
ties to fit rivet heads.) 

Fig. 55oo gives, for various heights from top of masonry to base of 
rail, the lengths of tower spans and of intermediate spans, and the dis- 
tances from centre to centre of towers, the employment of which will 
make the weight of metal in the structure a minimum. 

Fig. 55pp gives weight of metal for both the longitudinal and the 


Weight of Metai in Founds per Lineai Foot of Span 
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Fia. 55nn. Singic-track-railway Trestles, Type I — Metal in Girders and Girder 

Bracing. 
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Rinolb-Tback Railway Trestles— Ttpb II 

Fig.. 65(1 to «5», toclurfve, give »^te of 
~aw«r toUca (or .n oasumed typicl layout m which all the towers 
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are thirty (30) feet long, and in which there are two solitary bents be- 
tween each pair of adjacent towers. 

Fig. 55tt shows the average weight of metal in j^ers and girder 
bracing per lineal foot of structure. 



Note. — ^Enter lowor portion of diaKram with height of towtsr and the distance centre 
to centre of towers, and trace vertically upward to the curve for the live load. 

Fig. SSgg. Single-track Hallway Trestles, Type 1 — Metal in Columns of Towers. 


Fig. 55mm indicates the weights of metal per vertical foot in one bent; 
and Fig. 55»b gives the weights of metal per vertical foot in one tower. 
Both of these figures are “double tracing” diagrams. 

Figs. 55mw, 55xx, and 55yy indicate, for various lengths of ihterme- 
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Fid. 55ks. Single-track-railway 'rrestkns, Ty|M' I —Approximate Maximum Loads on 

Tops of Pedestals. 
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diate spans, the weights of metal in bents and towers per lineal foot of 
structi^. (It was found impossible to combine these curves into one 
“double tracing” diagram, as was done in Fig. 55uu and Fig. 55w.) 

The approximate maximum loads on top of pedestals for trestles of 
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55ii. Singlc-track-railway Trestles, Type II — Metal in Ginlers and Girder Bracing. 


Type II can be found from Fig. 55ss, which was prepared especially for 
trestles of Type I. For the pedestals under the towers, it is necessary 
to enter with the sum of the lengths of one tower span and one interme- 
diate span, instead of the distance from centre to centre of towers; and 
for the pedestals under the solitary bents, the sum of the lengths of two 
ihtermediate spans is to be used*. For the tower pedestals the results 
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are exact; and for those under the soKtary bents' the errors involved 
are trifling. 



Note.— E nter lower portion of «iijmram with the height of tower and the length 
of intcrmodiiitc .span, and trace vertically upward to the curve for the live load. 

Pio. 5!mu. Singlotrack-railway lYestles, Tyijc II— Metal in One Bent. 


For trestles on curves, the weights given by the above diagrams are 
to be increased two per cent for each degree of curvature, as in the case 
of trestles of Type I. 
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Double-Track-Railwat Trestles 

The author has never liad occasion to extend systematically his re- 
searches so as to cover double-track-railway trestles, although, of. course, 
he has designed and built structures of that kind. A rough approxima- 



Note. — ^Entcr lower portion of dioKram with the hci{dit of tower and the length 
of intermediate span, and trace vertically upward to the curve for the live load. 

Fio. 55ti». Singlc-tnick-roilway Tn^tlcs, Tyijo II — ^Mctal in One Tower. 
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track trestles can be taken as one and c;ight-tenths (1.8) timbs that for 
single-track trestles, because, although the thrust of train is twice as 
great, the weight does not increase directly as the traction stresses. 

C. The weight of the transverse bracing in towers for a double- 
track trestle, including that of the cross-girders at top of bents, can 
be taken as one and seven-tenths (1.7) times as great as that for a 
single-track trestle. 

D. The weight of columas for a double-track trestle can be assumed 
as one and six-tenths (1.6) times that for a single-track trestle. 
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If one obtains the total weight of metal in a double-track railway 
trestle in the manner above indicatedi he must not forget that his figures 
are merely approximate — ^accurate enough for a preliminary estimate only. 
For double-track railway trestles on curves, the weights found in the 



Lenyfh of /nfermedtafe Span in feet 

Fig, 552/y. Singk'-track-railway Trestles, Typ<^ II — Metal in Towers and Bents for* 

Classes 65 and 70. 


al)ovo manner from the diagrams are to be increased two per cent for 
each degree of curvature, as in the case of single-track trestles. 

Electric Railway Trestles 

In order to obtain the economic proportions for any single-track elec- 
tric railway trestle, the equivalent uniform live load and the impact 
load for a span length of, say, eighty (80) feet should be computed, and 
the ratio of their sum to the sum of the corresponding live and impact 
loads for Class 40 railway loading should be figured. Call this ratio r. 
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Fio. 6522 . Single-track-railway Trestles, Type II— Span Lengths and Total Metal in 
Trestles for Economic Layouts. 
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The electric rnilway trestle will then correspond to a steam railway trestle 
carrying a load of Class 40 r. The proper lengths of spans can then be esti- 





mated by extrapolation from Fig. 55oo for a trestle of Type I, and from 
I'^ig. 552% for one of Type 11. The total loads per lineal foot of the girders 


Typed 

Fio. 55aaa. Typical Layouts for Double-track-railway, Cantilever Bridges. 
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Fia. 55cee. Doublotrack-railway, Riveted, Cantilever Bridges, TVpe A — Metal in 
Trusses and Total Metal in Bridge. 
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are then calculated, and their weights are determined from Fig. 55ff. 

The weights of the girder bracing, of the longitudinal and transverse 
bracings of the tow’ers, and of the transverse bracjing of the bents will 
be about the same as in the case of a single-track-railway trestle, pro- 
vided that minimum thickness of metal be employed. If the use 
of %g" nietal be pennitted, the weights should bo reduced twenty (20) 
per cent. 

The weights of the columns can be found by the formula, 

= + [Eq.l] 

in which = weight of columns for a single-track electric railway trestle, 
Cjt = weight of columns for single-track steam railway trestle, and 
r = ratio of the liv(5 plus impact loads for the electric railway 
trestle to the live plus impat^t loads for the steam rail- 
way trestle, as above defined. 

In case it be desired to appl}" the diagrams to a double-track electric 
railway trestle, it will be necessary first to figure the weights of metal 
for a single-track electric railway structunj as just indicated, and then 
increase the weights of girders, of girder bracing, of transverse bracing in 
bents and towers, and of (jolumns as previously explaiiKMl for double-track 
railway trestles. The weight of the longitudinal bracing of the towers 
will be about the same as that for the single-track steam railway structure. 

For electric railway trestles on cuiwes, the weights found in the above 
manner are to be increased two per cent for eacli degree of curvature, 
as in the case of steam railway trestles. 

The weights of electric railway trestles obtained as above are, of 
course, approximate only. 


Cantilever Bridges 

Cantilever bridges may be divided into four general types, as shown 
in Fig. 55aaa. 

Type A consists consecutively of an anchor arm, a cantilever arm, 
a suspended span, a cantilever arm, and an anchor arm. This is the 
most commonly used of the four. 

Type B consists consecutividy of an anchor arm, a cantilever arm, a 
suspended span, a cantilever arm, a central anchor span, a cantilever arm, 
a suspended span, a cantilever arm, and an anchor arm. 

Type C consists consecutively of a suspended span, a cantilever arm, 
an anchor span, a cantilever arm, and a suspended span, each of the 
two suspended spans being hung at one end to a cantilever arm and 
supported by a pier at the other. 

Type D consists consecutively of a suspended span, a cantilever arm. 
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an anchor span, a cantilever .arm, a suspended span, a cantilever arm, 
and an anchor arm, being similar to Class C at one end and to Class B 
at the other. 

For the purpose of plotting weights of metal the following ratios have 
been assumed, as indicated in Fig. 55aaa. They are as nearly as may 
be the economic ones. Calling L the length of main opening, or that 
of a suspended span and two cantilever arms, the length of the suspended 
span is ^L, that of each cantilever arm and of each anchor arm is 7i6 ^ 
and that of the anchor span is %L. 

The average weights of metal per lineal foot for total length of struc- 
ture have been carefully figured for main openings varying in length from 
300 to 1,800 feet, and have been plotted on the diagrams shown in Figs. 
55bbb to bbrnmniy inclusive. Figs. 55bbb, hhcee^ 55hhhy and 55kkk give 
the weights of the floor system, lateral system, and metal in anchorages 
and on piers, for each of the four types of cantilevers. These weights are 
practically the same for riveted and for pin-connected spans. Figs. 55ccc, 
bbfff, 55m, and 55111 record the weights of trusses and total metal in 
bridge for riveted structures; and Figs. 55ddd, 55gggf 55jjj, and 55mmmf 
afford the same information for pin-connected bridges. 

It should be noted that Type C gives the least weight per lineal foot 
for total length of structure; but this does not necessarily mean that it is 
the most economic, for the main opening provided is only eleven-sixteenths 
of that in the other types. A discussion of the economics of the four types 
of cantilevers will be found on page 587, et seq. 

The curves for the weight of the pin-connected trusses were obtained 
by the direct designing of the trusses for a nmnber of span lengths. Those 
for the riveted trusses were figured from the pin-connected curves, taking 
due account of the high percentage of details in heavy riveted trusses, 
which in the case of the Fratt Bridge over the Missouri River at Kansas 
City ran as high as fifty per cent, instead of the usual thirty-five per cent 
for ordinary spans. The curves for the pin-connected spans have been 
carried out to a length of 1,800 feet, and those for riveted spans to 1,400 
feet. Tlie use of riveted trusses for spans as long as the latter limit is 
very unlikely. 

Transformation FoRMULiB 

It is often advantageous to know how to obtain the weight of metal 
per lineal foot of span for any portion of a bridge when the corresponding 
weight for that portion of a similar bridge is known. For instance, if 
the truss weight or the floor weight for a cei’tain bridge and a certain 
loading be given, what would be the corresponding weight for a similar 
bridge having a heavier or a lighter load? Or, if the truss weight per 
lineal foot of span for a certain live load and a certain span length be 
known, what would be the corresponding weight per foot for the same 
live load in a longer or a shorter span? Or, if the truss weight or the 
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Fia. 55eee. Doublo-track-railwjiy, Cantilever Hridgca, Type 13 — Metal in Floor System, 
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floor weight per lineal foot of span for a carbon steel bridge be known, 
what would be the corresponding weight for a similar bridge manufac- 
tured from an alloy steel of a certain elastic limit? 



200 m m 800 m m 1400 m noo 

Lengih "L'in Feef (See Ftg. 55 aaa) 

Fia. SShUi. Doubic-track-railway, Cantilcvrr BridKCR, TVpe C — ^Metal in I'loor 
Systoni, Laterals, and on Pic^rs. 


For many years the author has studied deeply the theory of such 
weight variation and from time to time has given some of this results 


Average We/gM ofMefa/in fbunckperUnea/ fhf/rB Bridge 
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Length ’L’ in feet (See fig. SSoaa) 

Fig. 55^'. Double-track>railway, Pin-connected, Cantilever Bridges, Type C— 
Metal in Trusses and Total Metal in Bridge. 
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of his investigations to the engineering profession. He herewith repro- ' 
duces the most important of all his findings. 



Flo. 5!ikkk. Doublc-lnick-railway, Cantilever Bridges, Type D — Metal in Floor 
System, Laterals, and on Piers. 

To ascertain the weight per foot B' of the lateral system in a span 
of length I' from the corresponding known weight in a span of length I, 
the following approximate formula may be used, provided the width of 
the superstructure remain unchanged: 





Average Weight oTMefa/ in i 
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5' = 5 + L^, [Eq. 2] 

where B and are expressed in pounds and I and V in feet. 

Should the width be changed, the new weight will have to be modi- 
fied accordingly, under the assumption that the weight increases about 
one-half as rapidly as does the width. 

This formula, which is absolutely illogical, in that it adds together 
pounds and feet, holds almost exactly true for single-track spans up to 
350 feet in length and for double-track spans up to 500 feet in length. 
It applies fairly well also to single-track spans between 350 and 600 feet 
long when the modification above mentioned for increased perpendicular 
distance between central planes of trusses is duly considered. 

To find the weight of floor system F' for an equivalent uniform live 
load per lineal foot w' from the weight F for a corresponding load w, the 
following approximate formula may be used: 

^’' = F(a + (l-a)~), [Eq.3l 

where a is 0.6 for single-track bridges and 0.5 for double-track bridges. 
Theoretically it would have been more lo^cal to let the values of w and 
w' represent the sums of live load, impact, and dead load, which would 
have rciluccd the values of a; but it saves time to use live loads only in 

finding the ratio of reduction. Letting the ratio •— = r, the formula for 

single-track bridges will be 

F' = F(0.6 + 0.4r); [Eq. 4] 

and that for double-track bridges will be 

F' = F{Q.5 4- 0.5r). [Eq. 5] 

To find* the truss weight T' per lineal foot of span of length V from 
the corresponding known weight T for a span of length I, the live load 
per lineal foot remaining unchanged, the following approximate formula 
will serve for spans of ordinaiy length — say up to five hundred feet long, 

r = Tp [Eq.6] 

while for longer spans there may be used the formula, 

To find for any ^an length the truss weight T' per lineal foot for 
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a total load p' per lineal foot from the corresponding known weight T 
for a load p, the following approximate empirical formula may be used, 

r « t(o. 2 + 0.8 . [Eq. 8] 

This is quite accurate for all ordinary spans, but for very long ones it 
gives too great a variation between T' and T. After finding the value of 
T', the value used for p' should be checked; and if there be any serious 
disagreement between the value assumed and that found, the substitution 
in the formula should be made anew, and so on until a satisfactory agree- 
ment between the said values of p' be obtained. 

The following approximately correct formulae for weights per lineal foot 
of trusses have been derived from the diagrams given in this chapter. 
They are offered as a convenience to any one who cares to copy them 
into his notebook. In them I is the span length in feet, W is the weight 
in pounds of one truss per lineal foot of span, and P is the total load in 
pounds per lineal foot carried by the truss. They should not be used 
for lengths much beyond the limits noted. 

TABLE 55a 

Formul/b for Truss Weights 


Type of Truss 

Raniee of 1 
(Feet) 

Ranite of P 
(Pounds) 

Formula 

Through Riveted Pratt 
with Parallel Chords. . 
Through Riveted Pratt 
with Polygonal Upper 
Chords 

100-200 

200-300 

f 100-200 

(200-300 

190-350 

3,000-18,000 

3.000- 18,000 

3.000- 13,000 

3.000- 13,000 

3.000- 18,000 

W- 180 + 

1480^ 

w - 180 -t- + 300) 

(/ — 2r))(P + 1700) 

1800 

Deck Riveted Pratt 
with Straight Bottom 
Chords. 

Through Pin Pratt with 
Polygonal Upper 
Chords 



The formulse in Table 55a can b<5 employed instead of Equations 5 
and 7, if desired, as they will give more accurate? results. If the weight 
of one truss designed under some given specification is known, it can be 
substituted for W in the proper formula?, and a new value of the? denomi- 
nator of the term involving I and P can then be computed. This pro- 
cedure provides a formula which will apply quite closely for the given 
specification. 

Instead of employing the formulse of Table 55a, similar results can be 
obtained by finding the ratio of a known truss or girder weight under a 
given specification to the weight for a similar truss or girder of the same 
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span-length and loading as diagrammed in Figs. 55// to 55ZZ, inclusive, and 
assuming this ratio to be the same for any other span and loading. 

If a railway bridge is to be designed for substantially the same unit 
stresses as thos(^ of Chapter LXXVIII, but for a different loading or 
impact than those adopted for this treatise, the following method should 
be employed, as it is simple and very accurate. First find the sum of the 
equivalent uniform live load and the impact load, assuming a loaded 
length equal to one and one-half panels, for thc^ specified loading, and 
also for Class 50 of this treatise; and call the ratio of the first sum to the 
second one r. The said loading is then equivalent to Class 50 X r, so 
far as the floor system is coiuierned; and the floor system weight for this 
equivalent class is then read (by interpolation if necessary) from the 
proper curve. The equivalent class of loading for the full span-length 
is then found in a similar manner, and the weights of th(; laterals, metal 
on piers, and the trusses are determined from the proper curves. Unless 
either the arrangement of the locomotive axh's or the impact curve is 
much unlike that of this treatise, it will be sufficiently accurate to com- 
pute merely the (equivalent class of loading for the full span-lcength, and 
then employ the proper curve for the total weight of metal in the span. 
If a Cooper standard loading be adopted, an(l the impact formulae of this 
treatise be employed, the curves will give the weights directly with a 
small margin on the safe side. If a Coop(T loading be used with some 
other impact formula, the equivalent class of loading will be equal to the 
said Cooper loading multiplied by the ratio 

i±7' 

1 + / 

where V is the impact adopted, and I is that given by the formula of 
this treatise. The same method will, of course, apply if the standard 
loadings of this treatise be used with some other impact formula. 

From the author’s paper on ‘‘The Possibilities in Bridge Construction 
by the Use of High Alloy Steels” are made the following extracts relating 
to the findiAg of metal weights in alloy steel bridges from those in similar 
carbon steel bridges and to the theory of weight curve extensions beyond 
the limits of actually designed structures. 

''The following arc the formulae of reduction used in passing from known weights 
of metal per lineal foot of span in carlx)n-steel bridges to the corresponding weights in 
alloy-steel bridges. An observation of the nomenclature will show that the unaccented 
capital letter^ severally represent weights of metal per lineal foot of span in carbon- 
steel bridges (or otherwise known weights of bridges of any kind of steel), and the 
accented capital letters, the corresponding weights for alloy-steel bridges (or otherwise 
the corresponding unknown weights of bridges of some other kind of steel), also that 
the small letters severally represent lineal dimensions of stnictures, the main exceptions 
being that capital R is used for reactions and small r for ratios. 

** Floor System . — 

Let F * weight of metal per lineal f<x)t of span in the ‘Flcx)r System' of caibon- 
steel bridges; • 
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L B ditto for 'Lateral System’; 

T = ditto for 'Trusses’; 

P = ditto for 'On Piers’ including anchorage material in the case of cantilever 
bridges. 

"A certain portion of the weight of the floor system will vary inversely with the 
elastic limit of the stcel| and the remainder will be invariable. 

Let V = the variable portion, 
and I = the invariable portion. 

Then F = V 1 , [Eq. 9] 

Ijet F' = the weight of metal per lineal foot of span in the floor system of alloy- 
steel bridges, 

and r (greater than unity) = the ratio of elastic limits of alloy steel and carbon 
steel. 

Then F'=/ + ^. [Eq. 10] 

** In heavy, double-track bridges, and especially those of long span, 7 will be ap- 
proximately 0.35 F, and V approximately 0.65 F, hence 

F' = 0.35 F + = F (o.35 +-^) . [Eq. 11] 

**In dealing with spans of greater length than any of those yet actually' computed, 
it must not be forgotten that the incresising width of striiotiire will augment the weight 
of the floor-bciams and, consequently, the weight of metal per lineal foot of span for 
the floor system. In case of double-track cantilever bridges, an economy can be 
effected by widening the cantilever arms and the anchor arms uniformly from ends 
to supporting pier; but it is jirobable that motives of policy vrould lead the projectors 
to construct exceedingly long spans so as to carry more than two tracks. 

Lateral System . — 

Let h = length of span at which it pays to begin to use high steel for the laterals 
b(!yond t.he ends of 2i, it being }u»unied that the weight of laterals is 
uniform over the entire length Zi, or, in other words* that minimum 
sections are used therein throughout; 

Ri = wdnd reaction at end of Zi; 

R = wind reaction at end of span Z; 

Tjt, = ratio (grcat(T than unity) of R and Ri] 

L| = wcMght of carbon steel pcT lineal foot for lateral system over the length h] 
JA = weight of mixed carbon and alloy steels per lineal foot of span at end of 
span Z. 

Then L's = L, (o.3 + 0.7 . [Eq. 12] 

" Let L'a = average weight of metal per lineal foot for entire span Z. 

Then L'a = L. h + - W | . [Eq. 13] 

“Should L *2 figure less than L|, it shows that near the ends of the span minimum 
sections of the high steel must be used and that will equal Li. 

“In passing beyond the limits of actually figured spans, when computing the weights 
of metal in lateral systems, it must be remembered that, :i8 just explained for the floor 
system, the weight per foot is ineretised, not only because of the greater span length 
but also because of the greater span width. As a rule, it may be stated that, for any 
very long span (the length thereof remaining constant), the effect of increasing the 
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width between central planes of trusses n per cent is to increase the weight of metal 
in the lateral system about - per cent. 

“ Trusses . — In respect to the weight, T, of metal per lineal foot of span for trusses 
of carbon steel, the following equation may be used: 

T ^K + Ti + Cc + Cu,, [Eq. 14] 

where K is the portion of the total truss ivcight per lineal foot which is independent 
of the quality of the metal and of the stresses; Ti is that of the main portions of the 
tension members and of their details that are directly affected by the stresses; Ce is 
that of the main portions of the compression chords and inclined end posts and their 
details that are directly affectcHl by the stresses; and Cy, is that of the main portions 
of the compression web members. 

*^From experience in designing large bridges it may be stated that, as an average, 

K =0.2r, 

Ti =0.3!r, 

Cc =0.37’, 

and C„ = 0.27’. 

“Both T’l and Cg (and consequently their sum) will vary inversely with the elas- 
tic limit of the metal; but on account of the influence of the ratio of strut length 
to least radius of gyration, will not vary in that ratio. As an approximation it may 
be assumed that, in passing from any grade of steel to a higher grade, if, as before, r 
(greater than unity) is the ratio of the elastic limits of the two metals, 

= + (Fxj.15] 

and C'. . lEq. 16] 

“Substituting these values in Equation 14, we have 

r = /i: + l(r. + c.) IF xi.i 7 ] 

“Substituting the values of K, T’l, Cg, and Cy, in terms of 7’ as previously given, 
we have 

r = r ( 0.3 . [Eq. 18] 

“In finding the new truss weight per lineal foot for a higher steel, after computing 
it (as just indicated) for the direct effect of increased elastic limit, it must be corrected 
for the indirect effect, which is the changed total load per lineal f(iot for trusses. This 
correction is made thus: 

“Find the sum of the live load, impact load, and dead load per lineal foot of spun, 
for the known truss weight, 7’, and then determine approximately the corresponding 
sum (on the basis of an assumed final value of 7’/) for the new truss weight. Let the 
ratio of these sums (less than unity) be n. 

Then Tf = T (0.3 + 0.7 n), [Eq. 19] 

where T / is the final value of the truss weight. Combining Equations 18 and 19 gives 

T'f = T ( 0.3 + (0.3 + 0.7 r,). 


[Eq.20] 
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the computed value of Tf does not agree quite closely with its value adopted 
in determining the trial dead load, a new dead load is to be assumed, and the calcu- 
lations are to be made afresh. The second attempt, in all probabiUty, will give a 
sufficiently accurate agreement. 

Piers. — ^To find the new value, P', from the old value of P, the span length 
being unchanged, the following approximately correct equation may be used: 

P' => P ( 0.6 + r,, lEq. 211 

where r and fi, respectively, are the ratios previously indicated for elastic limits and 
total loads per lineal foot of span. 

extending a curve of simple truss weights of metal per lineal foot of span be- 
yond the limits of accurate computations, the following formula; may either be used 
directly or as a check, the character of the steel, of course, being unchanged. Assume 
first that the live and the dead loads per lineal foot of span remain constant, and con- 
sider the effect only of longer spans and greater truss depths. Dealing first with the 
chords, some 85 per cent of their weights of metal per lineal foot of span vary directly 
as the moments of the total loads and inversely as the truss depths; but the moments 
vary as the squares of the span lengths, and the stresses are inversely as the tniss 
depths. Again, the truss depths within short limits may, without serious error, be 
taken to vary directly as the span lengths. Such being the case, 85 per cent of the 
weights per foot of the chords will vary directly as the span lengths, or 

C' = 0.15 C + 0.85 C J = C ( 0.15 + 0.85-j^) , [Eq. 22] 

where C is the chord weight per foot for the shorter span, 1, and C' is the corresponding 
weight for the longer span, V. 

‘‘I^et W and W' be, respectively, the freights of metal per lineal foot of span in 
the w(;bs of the two spans. About 75 per cent of these will vary directly as the aver- 
ages of all the livcvload and dead-load shears on the spans, and these average shears 
vary almost directly as the span lengths. Again, the said 75 per cent of W and W' 
will vary directly as the truss depths, and, therefore, as previously assumed, once 
more directly as the span lengths. 

Combining these ratios will give the equation: 

W' = 0.25 IF + 0.75 ( j) * = |o-25 + 0.75 ( j) * | . [Eq. 23] 

But r = C + IF, 

and r = C' + IF' = C (o.l5 + 0.85i') + IF |o.25 + 0.75(-jy| . [Eq. 24] 

‘‘It is well known that in trusses with parallel chonls and of economic depths the 
weight of the chords is equal to the weight of the web; but, in trusses with polygonal 
chonls and having centre depths less than the theoretically economic ones, as do those 
of all long-span bridges, the weight of the chords is much greater than that of the web. 
As a general average, we may assume that C = 0.6 T, and W — 0.4 T. 

Hence r = 0.6 T (o.l5 + 0.85 F ) + 0.4 T 1 0.25 + 0.75 ( 

=r 1 0.19 +0.51 j+ 0.3 (j)*| • [Eq- 25] 

''This value of T' is based on the incorrect assumption that the total loads per 
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lineal foot of span are the same for both spans under consideration, hence it requires 
a further modification, as follows: 

r/ = r (0.2 + 0.8 ri), [Eq. 26] 

where T'/ is the final value of the weight of truss metal per lineal foot of the longer 
span, ami n (in this case greater than unity) is the latio of the total loads per lineal foot. 

Combining Equations 25 and 26, we have 

T'f = T |o.l9 +0.51j + 0.3(y)*|(0.2 +0.8ri). [Jfiq. 27] 

test of this formula, on carefully computed curves of tniss weights for simple 
spans of nickel steel from 600 to 1,000 ft. in length, shows that slightly undue promi- 
nence has been given to the invariable portion of the weights, and that the following 
modification of the formula will give more accurate results: 

T’f = T |o.l5 + 0.55- + 0.3 (j) (0.15 + 0.85 n) . [Eq. 28] 

''This last formula, when tested on the truss weights of simple spans from 700 
to 1,000 ft. in length for an elastic limit of 90,(XX) lbs., gave exceedingly close n^sults; 
hence it is proper to adopt it as the equation for extension of all truss weights for sim- 
ple spans, and, inferentially, for those of ciantilevcT bridges; in fact, it has bfH;n tested 
on some of the actually computed truss weights of cantilever bridges and found to 
give excellent agreement. 

"Attention is called to the semi-raiional, jwmi-empirical character of these reduc- 
tion and extension formuhe. They arc, in general, the result of long personal experi- 
ence in the quick computation of metal w-eights for bridges; but they have been modi- 
fied slightly, as hereinbefore indicated, to agree with (;cTtain cho(;ks that have been 
made in this investigation. As far jjs prac(if:ablc% the formuLc of Equations 20 and 28 
were used for checking each other; and the results of such checks were always satis- 
factoiy. For instance, if a curve of truss w^eights for one chiss of stend wcto uscmI as 
a basis for finding, by Equation 20, the corresponding curve for another class of steel, 
the latter curve would be checked by starting from any dcisiretl point (generally where 
the weights of actually computed bridges cease) and passing, by using Equation 28, 
from one span length to another, 100 or 200 ft. greater, and continuing in this manner 
to the superior end of the curve.” 

The reader who is interested not only in the weights of metal for 
bridges but also in the economics of structures built of various alloys of 
steel, is advised to read the paper on “The Possibilities in Bridge Con- 
struction by the Use of High Alloy Steels,” from which several of the 
preceding pages have been copied. It was published in the Transactions 
of the American Society of Civil Engineers, Vol. LXXVIII, page 1 (1915). 

Illustrative Examples 

In order to demonstrate how to use the various diagrams of weights 
of metal given in this chapter, certain characteristic examples with their 
solutions will now be presented. The numerical values are generally 
carried out only to that degree of accuracy which good engineering war- 
rants, and as indicated in Table 58a. 

A. What weight of metal per lineal foot would be required for a single- 
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track, deck, plate-girder bridge of 90 feet span to cany a Class 55 live 
load? 

Turning to Fig. 556, we find the intersection of a vertical line through 
90 on the bottom line with the inclined line for Class 55, and pass from 
it horizontally to the extreme right vertical where the reading gives 1430. 
It must be remembered that the effective length from centre to centre 
of bearings is about 87.5 feet instead of 90 feet. 

B. What is the total weight of steel per lineal foot in a single-track, 
through, riveted, Pratt-truss span of 182 feet to carry a Class 65 live 
load; and how is it distributed between the differmit portions of the 
structure? 

Turning to Figs. 55d, 55e, 55;, and 55h, we find the following: 

Fig. 55d indicates for the weight of the Lateral System 220 pounds, 
and for that On Piers 130 pounds. 

Assume that there are seven panels of 26 feet each, then Fig. 55e 
gives for the weight of Floor System 650 -I- 10 = 660 pounds. 

Fig. 5.5j7 shows for parallel chords a truss weight of 1,680 pounds. 

The sum of these weights is 2,690 pounds. 

As a check, Fig. 55h gives for the total weight of metal per lineal 
foot 2,700 pounds. An exact coincidence is impracticable to obtain ex- 
cept accidentally, owing to the slight errors involved in reading the quan- 
tities indicated by the various intersecting lines on the several diagrams, 
and because of a possible slight difference in the weight of the floor ^tem 
due to variation in panel length. 

C. What is the total weight of metal in a single-track, deck, riveted 
Pratt-truss span, 270 feet long, in nine equal panels, and having a width 
of 18 feet l>ctween central planes of trusses, the live load being Class 40; 
and how is the said weight divided? 

Fig. 55m shows that the total weight of metal per lineal foot of span 
is 2,990 pounds. 

Fig. 551 indicates that 2,030 pounds of this are contained in the trusses. 

From Fig. 55j the weight for the floor system is found thus: Ai the 
lower left-hand comer the horizontal line for a 30-foot panel is followed 
over to the 18-f(X)t width-curve; the vertical through the intersection is 
traced upward to the Class 40 line, and the horizontal through this inter- 
section, carried to the left vertical, indicates that the weight is 530 pounds. 

Fig. 55k gives the weight of the metal on piers as 80 pounds, and 
that of the lateral system as 380 pounds; and it also shows that the best 
truss depth is 38 feet and that the proper perpendicular distance between 
central planes of tmeses is 18 feet, as was assumed. 

The sum of the last four weights is 3,020 pounds, checking that first 
found within thirty poimds, which is close, enough. 

D. What are the various metal weights for a double-track-railway, 
through, pin-connected. Petit-truss bridge of 720 feet span designed for 
Class 70 loading? 
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From Fig. S5dd the total metal in qum is found to be 19,000 pounds, 
and the weight of metal in the trusses 16,100 poimds. 

Fig. 55cc indicates 1,770 pounds for the floor system, 800 pounds 
for the lateral system, and 320 pounds for the metal on piers. 

The sum of the last four weights is 18,990 pounds, which varies from 
the total first found by only one-twentieth of one per cent. 

E. What are the various weights of metal in a single-track, pin- 
connected, centre-bearing swing-span 440 feet long, to carry a Class 55 
live load? 

The weight of the floor system is the same as that for a similar fixed 
span in which the perpendicular distance between central planes of trusses 
is the same. In this case the distance will be the minimum allowable, 
or about 17.5 feet. Assume the panel length for each arm to be 26.4 
feet and that at the tower 17.5 feet. IMg. 55n gives the weight as 640 
pounds. 

For the laterals we must use Fig. 55d and a span length of 0.7 X 440 = 
308 feet, which gives the weight as 310 pounds. 

For the truss weight we must use Fig. 55o and a span length of 0.6 X 
440 = 264 feet. This indicates a weight of 2,130 pounds. 

The sum of these three weights is 3,080 pounds, and to this must be 
added about 30 per cent fur the drum, machinery, and metal on piers, 
making 4,010 pounds for the total weight of metal. 

As a rough check on this. Fig. 55ee gives 78.5 per cent as the figure 
to apply to the total weight of metal for a 440-foot fixed span, which 
weight Fig. 55q shows to be 5,270 pounds. 78.5 X 5,270 = 4,140 pounds, 
indicating a difference of 130 pounds or about three per cent. This check, 
at first thought, may not be deemed sufficiently accurate, but it must 
be remembered that, as a matter of precaution, in order to provide for the 
individual idios}mcrasies of bridge designers and to be on the safe side, 
the percentages in Fig. 55ee have been kept somewhat high. Again, it 
must not be forgotten that the methods herein suggested for finding the 
weights of swing spans are not claimed to be as accurate as those given 
for finding 'the weights of fixed spans. 

F. What are the economic functions and weights of metal for a 
single-track railway trestle 200 feet high with a batter of an inch and 
a half to the foot, to cany a Class 55 live load? It is assumed that there 
are no restrictions as to the lengths of bays and that alternate spans are 
tower spans. 

From Fig. 55oo it is seen that the best length for the intermediate 
spans is 86 feet, and that the length for the tower span is given as 52.5 feet. 
Actually the lengths chosen would probably be 85 and 50 feet, and the 
variation in weight caused by such a departure from exact economics 
would be very small. For this economic layout we have the following 
weights, taken from Figs. 55nn to 55qg, inclusive. 



WEIGHTS OF STEEL SUPERSTRUCTURES 


1295 


Girders 
See Fig. 55nn 

85' at 1,125 lbs. » 95,630 lbs. 

50' at 640 lbs. = 32,000 lbs. 

135' =s 127,630 lbs. Average weight = 945 lbs. 

Girder Bracing 
Sec Fig. 55nn 

85' at 107 lbs. = 9,100 lbs 
50' at 50 lbs. = 2,500 ll)s 

135' = 11,600 lbs. Average weight = 86 lbs. 

Longitudinal Bracing 
See Fig. 55pp 

555 X 200 -i- 135 = 822 lbs. 

Transverse Bracing 
Sec Fig. 55pp 

412 X 200 ^ 135 = 610 lbs. 

Columns 
Sec Fig. 55qq 

852 X 200 ^ 135 = 1,262 lbs. 

Total = 3,725 lbs. 

As a check on this. Fig. 55rr gives a total weight per lineal foot of 
3.670 lbs. 

G. If in the last example it had been necessary to make the tower 
spans 40 feet long and the intermediate spans 60 feet long, what would 
have been the various weights of metal? 

Using the same diagrams we have the following: 

Girders 
See Fig. 55nn 

60' at 770 lbs. » 46,200 lbs. 

40' at 530 lbs. = 21,200 lbs. 

100' = 67,400 lbs. Average weight = 674 lbs. 

Girder Bracing 
See Fig. 55n» 

60' at 60 lbs. » 3,600 lbs. 

40' at 40 lbs. « 1,600 lbs. 


100 ' 


5,200 lbs. Average weight » 52 lbs. 
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Longitudinal Bracing 


See Fig. 55pp 

555 X 200 4- 100 1,110 lbs. 

Transverse Bracing 
See Fig. 55pp 

412 X 200 100 824 lbs. 

Columns 
Sc^c Fig. 55qq 

658 X 200 100 1,316 lbs. 

Total 3,976 lbs. 


This indicates an excess of metal e(iiial to about seven per cent, due to 
the uneconomic layout; but there would l>e some saving in the longitu- 
dinal bracing that would reduce the excess to about five pt^r cent. 

H. A single-track-railway trestle 60' high is laid out with towers 
30' long and two intermediate solitary bents between adjacent towers, 
the batter of columns being one and a half inches to the foot. It is to 
carry a Class 70 loading. What are the economics and the weights of 
metal? 

From Fig. 55zz the best length of the intermediate span is seen to be 


about 40 feet. 

The weights are determined as follows: 

Girders 
See Fig. 55^ 

Average weight per foot 575 lbs. 

Girder Bracing 
-i See Fig. 55ti 

Average weight per foot 40 lbs. 


Towers and Bents 
See Fig. 55yy 

Average weight per foot for 40-foot inter- 
ihed'ate spans 925 lbs. 

Total 1,540 lbs. 

Fig. 55^2 makes this total 1,540 lbs., which checks exactly. 

I. If in Case F the trestle had carried a double track, what would 
have been the various weights of metal? 

Applsring the rules given, we find the following: 
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Girders and bracing, 2 X 991 1,982 lbs. 

Longitudinal bracing, 630 X 1.8 1,134 lbs. 

Transverse bracing, 640 X 1.7 1,088 lbs. 

Columns, 1,275 X 1.6 2,040 lbs . 

Total 6,234 lbs. 


J. What arc the economic functions and the weights of metal for a 
single-track, elcctiic-railway trestle, T}^ I, 150 feet high with columns 
battered two inches to the foot transversely, to carry Class 30 live load, 
the structure being on a four-degree curve, and the ininiiniiin allowable 
thickness of metal being 

In order to select the economic lengths of spans, it will be necessary 
to determine the steam railway live load to which Class 30 correi^nds. 
Using Class 40 of the steam railway live loads as a basis, and MMiming 
an 80-foot loaded length, we have the foUowing: 

Class 30 Electric Rmlway 

Live load (Fig. 6A) 2,230 lbs. per lin. ft. 

Impact (Fig. 7d) — 47 per cent. . . 1,05 0 lbs. per lin. ft. 

Total L.L. -|- I.L 3,280 lbs. per lin. ft. 

Class 40 Steam Railway 

Live load (Fig. 6d) 5,460 lbs. per lin. ft. 

Impact (Fig. 7c) — 71.7 per cent. . 3,920 lbs. per lin. ft. 

Total L.L. + I.L 9,380 lbs. per lin. ft. 


3280 

^ ~ 9380“ 


Class 30 electric railway therefore corresponds to Class 40 X 0.35 => 
Class 14 steam railway. 

Turning now to Fig. 55oo, we find the proper length of tower span to 
Ix! about 62 feet, while that of the intermediate span, for a Class 14 load- 
ing, is 102 feet. We shall adopt 60 feet for the tower span and 100 feet 
for the intermediate span. The erection of a span longer than the latter 
would be a rather difficult proceeding, or at least uneconomic. This 
makes the distance from centre to centre of towers 160 feet. 

We then proceed to find the weights of the various portions in the 
following manner: 

Girders and Girder Spanning 
100' Span 


Live load Class 30, 100' span (Fig. 6A) 2,170 lbs. per lin. ft. 

Impact, ^14 per cent (Fig. 7d) 960 llw. per lin. ft. 

Dead load. 

Deck 400 lbs. per lin. ft. 


Girders and brae. (Fig. 55nn) 680 -|- 110 = 790 lbs. per lin. ft. 


4,320 lbs. per lin. ft. 


Total 

or 2,160 lbs. per lin. ft. per girder. 
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Weight of girders (Pig. 55ff) is 2 X 320 640 lbs. per lin. ft. 

As the weight assumed in finding the load on the girder was 680 
pounds, this result is satisfactory. 

Weight of girder bracing (Fig. 55nn) = 

120 X 0.8 96 lbs. per lin. ft. 

Total weight of girders and bracing 736 lbs. per lin. ft. 

60' Span 

Live load, Class 30, 60' span (Fig. 6h) 2,550 lbs. per lin. ft. 

Impact, 51 per cent (Fig. 7d) 1,300 lbs. per lin. ft. 

Dead load, 

Deck 400 lbs. per lin. ft. 

Girders and bracing (Fig. 55nn) = 

450 + 60 510 lbs. per lin. ft. 

Total 4,760 lbs. per lin. ft. 

or 2,380 ll)s. per lin. ft. per girder. 

Weight of girders (Fig. 55f/) = 2 X 200 400 lbs. per lin. ft. 

As the weight assumed in finding the load on the girder was 450 pounds, 

this result is satisfactory. 

Weight of girder bracing (Fig. 55nn) = 

60 X 0.8 48 lbs. per lin. ft. 

Total weight of girders and bracing 448 lbs. per lin. ft. 

Average weight per lineal foot of 

, , (100 X 736) + (60 X 448) „„„ „ ,. 

structure = = 628 lbs. per hn ft.. 


Transverse Bracing of Towers 
See Fig. 55pp 


1 RO 

420 X 777 ; X 0.8 315 lbs. per lin. ft. 

160 


Longitudinal Bracing of Towers 
See Fig. 55pp 


,150 


580 X X 0.8 435 lbs. per lin. ft. 

Columns of Towers 


See Fig. 55^<7 

Class 40 railway loading gives 700 lbs. per vert. ft. (Fig. 5599 ). 
Class 30, Cb = 700 (0.2 + 0.8 X 0.35) = 336 lbs. per vert. ft. 

336 X 315 lbs. per lin. ft. 

160 

Total metal in structure on tangent 1,693 lbs. per lin. ft. 

Add for effect of 4 degree curve 1,693 X .08. . 135 lbs. per lin. ft. 


Total metal in structure 


1,828 lbs. per lin. ft. 
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K. A 400-foot, riveted, Petit-truss span carries the following loads: 

First. A double-track steam railway of Class 60 inside of the trusses. 

Second. A single-track electric railway (Class 25) and wagons upon 
a 12-foot clear roadway paved with creosotcd blocks, resting upon six 
inches of reinforced concrete, on each side outside of the trusses, and a 
six-foot sidewalk (Class C live loading) of four-inch granitoid outside of 
each wagon-way. What is the weight of metal per lineal foot for the 
trusses? 

The live loads per lineal foot for one truss are as follows: 


Railway loading 

Impact due to the same, 17 per cent 

Electric railway loading 

Impact due to the same, 12)^ per cent. 

Sidewalk loading, 6 X 49 

Impact from same, 10 per cent 


6,800 lbs. (From Fig. Qe) 
1,156 lbs. (From Fig. 7c) 
1,810 lbs. (From Fig. 6k) 
227 lbs. (From Fig. 7d) 
294 lbs. (From Fig. 6o) 
29 lbs. (From Fig. 7e) 


Summation 


10,316 lbs. 


The approximate dead load per lineal foot per truss will be as follows: 


Railway floor 500 lbs. 

Pavement and base, 12 X 90 1,080 lbs. 

Sidewalk, 6 X 50 300 lbs. 

Girder rails, 2 X 30 60 lbs. 

Handrail 40 lbs. 

Railway floor system (Fig. 55*) 700 lbs. 

Highway floor system, say 600 lbs. 

Lateral system, say 300 lbs. 

Truss, assumed 6,000 lbs. 


Total dead load 9,580 lbs. 

Total live and impact loads 10,316 lbs. 


Total 


19,896 lbs. 


Call this temporarily 20,000 lbs. 

Referring to Fig. 55M, we find for a total load of 20,000 lbs. and a 
span of 400 feet a weight of about 4,900 lbs., which shows that the truss 
weight assumed was too high. Assuming a new truss weight of 4,600 
lbs. would make the new total load 18,496 lbs., for which the diagram 
makes the weight 4,550 lbs. This checks closely, hence the weight for 
the two trusses would be 2 X 4,550 = 9,100 lbs. 

As the diagrams for cantilevers are employed in exactly the same man- 
ner as are those for simple spans, there is no need for providing an ex- 
ample of the method of their utilization. 
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QUANTmES FOR PIERS, PEDESTALS, ABUTMENTS, RETAINING WALLS, AND 
REINFORCED CONCRETE BRIDGES 

Many of the tables and diagrams given in this chapter have been 
prepared from time to time during the last three decades of the author’s 
practice in order to facilitate the calculation of quantities of materials 
in substructure and masonry work. They have been found so convenient 
that it has been deemed worth while to reproduce them here for the bene- 
fit of bridge en^neers in general, and to add to them materially so as to 
cover, to as great an extent as practicable, all lines of bridgework, including 
reinforced concrete construction. 


Piers 

In Fig. 56a are pven the volumes of copings and of shafts of piers with 
vertical «des. The curves thereof are of little value for the sliafts of 
ordinary piers, as these are generally battered. For solid circular pivot- 
piers, as well as for any coping, the curves can be used advantageously. 
To apply the diagram for the vertical shaft of any pier or any coping, 
it is necessary to enter at the lower margin with the width of the shaft 
or coping in leet, trace vertically to the curve for the length of the tangent 
portion, and pass horizontally to the right or left margin, where will be 
indicated the volume for one foot of height. This quantity multiplied 
by the height wiU'pvc the total volume in the pier-shaft or coping. It will 
be noted that the lower curve, for which the length of the tangent portion 
of the shaft is zero, applies directly to circular piers. 

Figs. 565, 56c, 56e, 56/, 565, and 56t give the volumes in cubic yards 
of the tnmeated cones formed by bringing together the rounded ends of 
battered piers. They are for batters of one-half, three-quarters, and one 
inch to the foot, which are those generally used in pier designing. Figs. 
56d, 560, and 56j give the volumes in cubic yards for one-foot-wide strips 
of pier between the rounded ends for batters of one-half, three-quarters, 
and one inch to the foot. 

To find the total volume of any pier, add together that of the coping, 
that of the two rounded ends which form a truncated cone, and the prod- 
uct of the volume of a one-foot strip by the length of the portion of the 
pier between the vertical axes of the rounded ends. 

1300 
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to six inches per foot, varying by half inches. As it is not customary today 
to put copings on concrete pedestals, the total volume for the shaft of any 
pedestal can Ik*- taken directly from one of these diagrams. Should any 
intermediate batter be employed, which is unlikely, the approximately 
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correct volume can be obtained by direcji interpolation. If there is to be 
an offset base, the figuring of the additional volume therefor will not require 
more than a minute or two. 

Abutments 

The following method will give, with very little calculation, the vol- 
ume of concrete or masonry in any wing-abutment for a single-track rail- 
way bridge. In Fig. 56n is presented a drawing of the type of abutment 
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uschI in preparing the curves of Figs. 56o, 56p, and 56q. From the lower set 
of curves in Fig. 56a can be obtaimnl the total combined volume of parapet, 
coping, and shaft of that portion of the standard single-track abutment 
included betwcum the verti(;al planes A B at the ends of the parapet wall. 
The upper set of curves in this figure gives the volume for that portion 
of two symmetrical wing-walls extending beyond the planes A B. If the 
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that is longer than that for a single-track railway bridge, it will be neces- 
sary to add the volume for the extra length of main wall. In double- 
track bridges the said extra length is generally thirteen or foiirteen feet; 
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and for a highway bridge it is equal to the clear roadway between trusses, 
minus fifteen feet. Fig. fifig gives the volume in cubic yards, including 
parapet, coping, and shaft, for each lineal foot of wall, also the volume 
of base in cubic yards per lineal foot of wall for each foot of its thickness 
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OT hei^t. This last quantity is to be multiplied by the height of the 
base in feet, and the product is to be added to the volume found for the 
yardage of jtarapet, coping, and shaft per lineal foot; an^ the sum is. 
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Retaining Walls 

Fig. 66r gives the quantities of concrete and metal per lineal foot of 
reinforced-concrcte retaining walls. The curves correspond to a toe- 
pressure shown by the straight line above them, and if a smaller toe-pres- 
sure has to be employed the quantities given by the curves have to be 
increased by the ratio indicated by the right line of the small figure in the 
upper right-hand comer of the diagram. 
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To show the application of the curves of this figure let us assume a 
case in which the height of the wall is 30 feet and the permissible toe- 
pressure 4,500 pounds per square foot. The diagram gives 3.0 cubic yards 
of concrete and 250 pounds of reinforcing metal, also a toe-pressure of 5,400. 
The ratio of intensities is 45 54 = 0.83. The small diagram indicates 

that the quantities have to be increased about eight (8) per cent, making 
them 3.24 and 270 respectively. 

Fig. 56s gives the quantities of concrete per lineal foot of plain con- 
crete retaining walls. These curves were worked up in the same manner 
as those for the reinforced walls, and their application is the same. 

Reinforced Concrete Bridges 

In Figs. 56< to 5Gdd, inclusive, are given diagrams from which can be 
found, for all highway, electric-railway, and combined highway-and-elcc- 
tric-railway bridges built of reinforced concrete, the quantities of concrete 
and reinforcing steel required therefor. These curves are to be used for 
preliminary estimates only, as it is practically impossible to prepare 
diagrams that ^^^ll furnish absolutely exact values for any given layout. 

Fig. 56^ records, for various live loads and for roadways varying in 
width from twenty (20) feet to sixty (60) fc^et, the amount of concrete and 
steel per lineal foot of bridge for the floor syst(^m, comprising the slab and 
its supporting cross-girdcTS. A s>Tnmetrical cross-section was assumed 
with the floor slab supported on cross-girders which are in turn carried by 
two main girders. For narrow structures the girders were placed at the 
outside of the roadway; but for wide cross-sections the floor was can- 
tilevered out beyond the main girders, the latter being spaced from centre 
to centre approximately five-eighths (^) of th(5 total width of the struc- 
ture. The effect of varying this spacing within reasonable limits was 
found to be inappreciable. The cross-girders were spaced ten (10) fciet 
apart in all cases. The quantities in the floor sj’^stems wenj also figured 
in certain gases for spacings of cross-girdcirs ranging from six (6) to fourteen 
(14) feet; ^howevcT, these differences were found to affect the quantities 
but very slightly. For structures over thirty (30) feet wide, two side- 
walks, one on each side, were adopted; but for narrower bridges the road- 
way was assumed to occupy the entire width. Each sidewalk was made 
one-sixth (^) of the total width. In all cases Class B uniform live load 
was employed in figuring the sidewalk slab. No uniform live load was 
used on the roadway in conjunction with concentrated live loads; and 
for widths under thirty (.30) feet, only one truck was employed, while for 
greater widths two trucks were adopted. For electric-railway structures, 
howev(T, Class A uniform live load was assumed on that part of the road- 
way outside of the twenty (20) feet occupied by the street cars. Double- 
track structures were assumed in all cases, because a single-track car line 
crossing a highway bridge is quite rare. However, if it is desirable to 
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estimate the quantities for a structure carrying a single-track Class 20 
live load, the said quantities can be taken from the curves for Class A 
loading for th(‘ same width of structure. For other classes of electric- 
railway loading, the quantities for single-track structures can be taken 
half-way betwenm those given by the curve for Class A and those given 
by the curve for a double-track structure carr^dng the same class of load- 
ing. On account of the fact that shear d(^t(Tmined the sections in many 
instances, the steel percentage varied considc'rably, making it necessary 
to provide steel curves. The slabs wore figiir(»d for the full width of the 
structure and the cross-girders to the sides of the main girders. 

As it might be desirable in certain laj'outs to use several lines of longi- 
tudinal girders and omit the cross-girders, Fig. 56u has been inserted. 

iO SO 40 SO 60 



Fig. 56m. Rcinforccd-Conm'tc Bridges, P<»r(*(*nt!ig(? of Floor System in Slabs. 


This curve gives the percentage of the floor system in the slabs only. It 
will be found that for an economical arrang(»m(*nt, the slab quantiti(^s in 
the layout with longitudinal girders only will bo about the same as in the 
design with cross-girders. 

In Fig. 56i; arc recorded for various total superimpos(;d loads per 
lineal foot of girder, and for span lengths varying from twenty (20) to 
sixty (60) feet, the quantities of materials in the main girders of reinforced- 
concrete bridges. These quantities were computed for single-girder spans 
freely supported, two-girder spans continuous over three supports, and 
three or more girder spans continuous over four or more supports, all 
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spans being assumed of equal length. The dead load was taken equal 
to twice the live load, which is a fair average of the conditions for rein- 
forced-concretc bridges; but a considerable change in this ratio will affect 
the quantities very little. 

The section at the support is determined by moment or shear; and 
for any one layout the depths at all supports are made equal. The 
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depth at the centre of span is assumed to be nineteen-twentieths of that 
at the support for continuous spans, in order to provide a slight upward 
curve in the bottom of the girder; while for simple girder spans the depth 
is kept constant throughout, lleinforcement is placed in the girder below 

Mf2030405060i4 6 dKf 
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Fig. .*j6ii;. Reinforced-Concretc Girder Bridges, Depths of Girders and Footings. 

the slab, so that at the support the beam is figured for the rectangular 
section beneath the said slab. T-beam action is assumed at the centre 
of span. The average thickness of slab was taken as eight (8) inches. 
The concret(5 quantities for the girders were computed from under side 
of slab to bottom of girders. 

It should be kept clearly in mind when using Fig. 56t; that the diagram 
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is drawn for the superimposed load (exclusive of that of the girder itself) 
and not for the total load per lineal foot of girder, as is the case in the 
curves for steel girders given in Chapter LV. The quantities, of course, 
wore worked out for total loads. As it is somewhat difficult to approx- 
imate the sections of concrete girders with sufficient accuracy, it saves 
considerable time to enter the curves for the superimposed load. 

These curves arc not applicable for layouts of continuous girders with 
irregular span hmgths in which the variation is considerable. Where the 
end spans arc longer than the intermediate ones the actual quantities will 
be greater than those given by the curves, if the diagram be entered with 
the average span length; whereas, v/hen the intermediate spans are the 
longer, the actual quantituMS will be smalk^r. For layouts in which the 
differences in span lengths are small, the curves will give sufficiently 
accurate quantities for the given layout if they arc entered with the 
average span kmgth. 

Fig. 5(ii« rcHiords the depth of girder and depth of colunm footing for 
various loads per lim'al foot of girder and total loads on footing. This 
diagram will be found convemiemt in determining the height of column 
which is necessary when employing Fig. 5Ga:. 

In Fig. 5Gx are given, for various total superimposed loads and for 
heights of (jolumiis varying from ten (10) feet to one hundred (100) feet, 
the total quantity of (joncrete in one column; and Fig. 5Gy records the 
corresponding weight of stcud per cubic yard of concrete. The section 
of the column was assumed square in all cases, and no transverse bracing 
was used. The section of the column just under the girder was deter- 
min(Ki for the full superimposed load, the gross section of the concrete 

I 

being figuriHl for / (Kiual to 640 — 20 -jj-, but not greater than 400 pounds 

per square inch. This corresponds to an actual intensity on the con- 
crete of about 350 pounds on account of the reinforcement. The value of 

- ” was not allowed to exceed 20. This section was reinforced with one 
h 

per cent of steel, and the same steel area was used throughout the entire 
column. The columns have a batter of onc-cigl:th of an inch per vertical 
foot on all four faces. The concrete quantities were figured from top of 
column (under side of longitudinal girder) to top of footing; but the 
steel quantities included all bars extending from the column into the 
girders and footings. This is the reason for the large amount of steel 
per cubic yard of concrete. 

In Fig. 562 arc recorded for various total superimposed loads on foot- 
ings, and for bearing pressures ranging from one (1) ton to fourteen (14) 
tons per square foot, the volumes of concrete Required per column-footing 
in reinforeed-concrete viaducts. Each of these footings has a constant 
depth throughout, it being made sufficient to provide for shear by means 
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of the concrete alone. It will be noted that there are two sets of curves — 
one for reinforced, the other for plain footings. The latter were figured 
for a fibre stress from bending not to exceed 70 pounds per square inch 
(on 1:2:4 concrete), although in most cases the shear determined the 
s(;ction. The footings are assumed to be supported on the natural founda- 
tion. In case piles are employed, the concrete necessary to encase their 
heads must be added to the quantities given in the diagram for reinforced 
footings. 



Hetf/ffofCd/umn in fief from doifom ofG/r^er fo Top affbof/r^ 
Fic!. 50//. Roinforccd-Concrctc Bridges, Steel in Columns. 


As indicated in Chapter LIII, the economic span length in a rcinforced- 
concreto trestle for any given layout can be d(»tc'rmined by the equation. 


/ 2,000 \ 

Z = A ( 0.3 H ); 

V ^ w + 1,000 / ' 


[Eq. 1] 


in which I = economic span length from centre to centre of supports, 
w = superimposed load per lineal foot of girder, 
and h = height of structure. 

The quantity h represents in any given case the height which is fixed, 
such as the height from grade to top of footing, height from grade to 
bottom of footing, height from underside of girder to top of footing, or 
height from underside of girder to bottom of footing, sis the case may bc\ 
There is always a considerable range of length for which the quantities 
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Fig. 66e. Reinforced-Concrctc Girder Bridges, Concrete and Steel Footings. 
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remain nearly constant. The formula gives values a trifle greater fhnn 
those for which the quantities are a mininmim , since the use of heavier 
sections will reduce slightly the unit costs of the concrete. 

In Fig. 56ao are diagrammed the quantities of concrete per lineal foot 
of structure in the spandrel girders and columns of open-spandrel arches. 
The steel is given in pounds per cubic yard of concrete. These quantities 


0 ai 40 ^ 80 m 



Fig. 66aa. Roinforwd-Concrcto Arch Dridgos, Concrete and Steel in Spandrel Girders 

and Columns. 

are more or loss arbitrary, although dependent to a large degree on the 
rise of the? arch. As a rule, aesthetic trc'atment determines the proportions 
of the spandrel girders and columns. However, the quantities are not 
a large proportion of the total quantities in the structure; and, therefore, 
a considerable variation therein will not be appreciable. 
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. For barrel arches the cost of the structure above the rib will not bo 
materially different from that of the ribbed spans, and consequently the 
quantities for the latter Avill be sufficiently accurate for barrel arches. 

In Fig. 5666 are recorded, for the cantilever and counterforted types 
and for heights of wall up to fifty (50) feet, the volumes of concrete and 
weights of metal p(T lineal foot of structure in the spandrel walls of rein- 
forced-concret(‘, spandrel-filled arch bridges. In nearly all cases it will 
be sufficiently accurate to ('nter thesis curves with the average height of 
the wall. These ejuantities are given for walls without surcharges; and 
where it is necessary to eonsidc'r surcharge, the quantities can be taken 
with suffici(?nt accuracy for a height ('qual to the actual height without 
surcharge plus seven-tenths (0.7) of the surcharge height. Quantities 
for side walls with transverse ties are not given, as it is practically im- 
passible to do so on account of variations in the layouts; but the quantities 
recorded in Fig. 5666 can be used, although they are a trifle excessive for 
this type of construction. 

In Fig. 56cc are recorded, for various superimposed total loads per 
lineal foot at crown, for span lengths vaiying from fifty (50) fc'et to two 
hundred (200) feet, and for ratios of rise to span h'nglh ranging from 0.1 
to 0.5, the volumes of concrete in one rib per lineal foot of span required 
in the arch ribs of opim-spandrt J arch spans. The weights of stiM'l are given 
in pounds per cubic yard of concrete'. The curves wen', worked up on the 
assumption that the live load was four-tc'nths (0.4) of the total sui)erim- 
posed load per foot at the crown (exclusive' of the weight of the rib itself). 
But to take care of variations in the ratio of live load to total super- 
imposed load, the curves were platted for an eejuivalent superimposed 


load equal to 



It will be noted that this expression is 


L 


equal to the actual superimposed loaei whe'n equals 0.4 


The width of 


each rib was kc^pt constant throughout, and was taken equal to or greate'r 
than the thickness at the springing. The amount of reinfe)rcemcnt used 
in each face varied from one per cent for a rise of one-tenth of the span 
to one-half of one per cent for a rise of one-half of the span. 

The separate ribs of ribbed-arch structures must be braced together 
by cross-struts, except occasionally in the case of arches carrying heavy 
loads for which th(; ratio of rise to span-length is 0.2 or less. To determine 
whether bracing is required for such ribs, the load on the rib should be 
divided by the economic carrying capacity of the ril) — determined from 
Fig. 56(Zd — thus giving the width of the rib; and braces should be em- 
ployed whenever the ratio of unsupported lc;ngth to width of rib is greater 
than twelve (12). In most cases this unsupported length is the distance 
from the crown to the springing, as the cross-girders usually brace the 
ribs effectively at the crown. The volume of the braces is more or less 



■■■■■■■■■■■■■■■■I 

■■■■r 

■■■■I 

BBBBBBB»Bi^!!!8BBBBBBBBBBBBBBBBBBBBBBBBBBBriBBBBBBJB 

■■laiaaiiiipBBBaaaaiiaaaaaaaaaBaaaaBBaaaaa'aaaaaaaaB 

i![BiBBe!3S||83SE|i|SSSSS8Sg2SBBB8!g^ 

888888S3SilS28B888888888888888888S8888BB8888888888 

BBBBBBBn’^a;T^;9>:!77;!7^7//in;73;^?TK''AaBBBBBBBflBrjBflBBflBriBBfl 

Bi|illBiiiBBBBBjfaiBBBBaBBBBaBiBIBii|§|ViiiiB|BrjaaB 


S88BB88S8‘^ri8B 


-jiB|r;^aiai^8SSr88BB8888| 
8BS8S!l8ri|B888l8288888888 





J88B8888I888 

islilU 


■■I 


iiEfliEgHi 
ihhEbbi 

~~IBBBBBB 


^lLlli:^BL«yBBBK;^BBBBBBBBflflBBEBBBBBBBBBBBBBBBBBBBl 

BBBBr<\JBPyB'nBBBB^2BBBBBBBBBBBBBBBBBBBBBBBBiEBBBBBBBl 
BBBirjIKBVBBBBPIiiBBBBBBBBBBBflBBBBBBBBBBBBiBgBBBBBiBBl 
BBBBBSBr.lBBB^BBBBBBBBBBBiBBBBBEBBBBBBBBiiEBBBBflEBfll 
lBBBPyB^''UBP^BBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBEBBBBBBl 


0 to 20 30 40 50 

Heyhf of Wa/l in feef. 

Fio. 5Gibb. Beinforccd-concrete Aich Bridges, Concrete and Steel in Spandrel Walls. 


JI/feM //7 Pounefs per Linea/ /bo/ o/ 3n^pe 


Reinforced-Concrete Arch Bridges. Concrete and Steel in Arch Ribs. 



Len^^ Mnh, 

Fig. 56c 2(2. ReinfoTced-Concrete Arch Bridges, Concrete and Steel in Arch Barrels One Foot Wide. 



i kdaiaaaaaaaaaBBaaaBiBBaaBaBBaaaaaaaaaaaaHaaiiaaiiaaaaiaiaBaaaaaaaBHBaBaaaaaaaaaaB- 
aaaaaaaaaaaBaaaaaaaaaaaaaaaaaaaaBaaaaaBaaaaiaa.^a:aaaaaaaa''*aaaaaaaaaaBaaaBaaaaaa' 
aaaBBBaa«ia>.«^BBB*iaaBaaaaBsaaBaaBBBaBaaaaBaaaaaaa •aaBaBBaBBB'ia*iaaaaaaa. .aaaak.'a .B,. aaa B‘ *Bk. 
BaaBaBaanBBaBBBB* .a BaBaaBBaBaBaBaaBaBaBBBBaBBBaBa r ivBBBBBBBBBB'kBBaaaBaaaBB'kBBBaaaBBruB'uaBBrLkr-.ii 

aaaaaaaai ikt '''ibBl.-'* aaaaaaBBaBBaaaBBaaaaaBaaaaaBaa .w* aaaBaaa laa lai iaaaaBaai laaBaa laai aa aaaai aa a«aa 
Baaaaaaaak'ak'.. ^ jBBr-aaaaaaBaaaiBaaaaaaaaaaaaaaaaaa '.'aaaaaaia Ba>'*aN 'a la. a \ia 'aai ''■^aaaa vaaaaaiil 
aaaBaBaaBi kaB -aaaiBr •aBBaaaaaBaaaBBaaaaa raB«Ta..^Baa'-aaaBaBaaii.''aa':'Bavia<aB.'tB^'ii«aB»-.-.BBBaik'^.'iaBBBaB 
aaaaBBaaBiaBaa.r-naBH-^iaaaaaaaaaaBBBaaaaja. a. aa aaaaaBaB BBa'BL«av«Biaa^BaBka'«aB''.iBaaBBl-.'BaBBaa 

BaaBB aaaai «a.ar BaBaak.BBaBBBaaaBBaaaBaBaa 'B' 'a>vaBk 'BaaaBBBBBB-'aaaBa'iB -aBMa>;BB'BBkv'i>.'>iiaBB'.'k.''BBBB 
BBBaaaaaai k ak rc ^aiaaaf -■■iaaaaaBiBBBBBaa^ia.-v a.^aaaai •aaaaaai aa. . a , a ^ aa,' aaaai ^ lai ^ - ^aaix . aaaa 

aaBaaBBaBBB.'ai.r''iBaaaau.kaBBaaaaBaaa8BaBtiBa»*vaaaaiaaaBaaaBaa aa'tawBvaaBBB'iaa.'Bar.^i.aaBi.^i.aaaB 
aaaBaaaaaB la^a.^ .aaiaBaar..»aiaaaaaaBB8BaBvaB''k « ^ bbb • aaaaaaBBB aaa iBk iBk tav kB * la.' .a 'ka a^ aai '- 'aaa 
aBaBBBaaBBiBkiaw'aBaBaaBB::B*BBaaaaaBaBaaa^aa'ia-k'aB'^.'^aBBBaaaaBBBaaja^aih'avaBaaB\aaBB.aaBBBBBaaBaaBa 
BBBBBaaBBBIBBk B B k BB B BBB BB - T 1 BB BBB BB BBBBB '•ta;lB.'aaBJ.'»BBaBBBBBa^'BvBBvJB'ah^■8aBB'faBBBBBBBBBaBaBBaBB 

aaBaapaBaai kaB..'8Bak;'aBaaaB.-B*BaiaaaBaaa raa.BaB^aa. .aaaaBaaa Ba-'ah iBh'a'ia.'BaaaB.'iaaaBBBBaBiBBaBBBBB 
BBaaaiBBaBBBk'aB,'aar|BaBiBBaraaiiBaaaaaaB j laaaaNiBBaBjBaaaaBB aa-^k.-a.' la^aak ^bi fiaik.Bkaaa-'k aaa aaa r. aaaaa 
aaBBBBBBBBa ia.iBB\*'*iaBBBari •* papaa aaaaa biaxiBk aaa .BBkBaBBBBBB, kB< ■Baiflaaak aaaBB 'laaBJ laaaaaa^ * aaaaa 
aaaaaBBBiaBi'aBBaav. raaaaaia^-r raiaa aaaaa -aB.'aBkaaaia'iaBBaaBBil.aB.'aakaiBaBaaaaBB'aaaBkiaaBaBaMaaBaa 

I aaaBaaaBBBai laBBBBN.aaBBBaaBB.rBBaaaaaaak. ia>.BB^aaBv.-.a bb aaaBB aakBa.'BBkaBkaa.'faaBB.'aBBaktBaBBa''AiBaaaB 

BBBaa aaaBB BBkBBk ala. '•aapBiBaBBBa.aa*:iBBBaas''B-aBa'N 'aak .'‘BaaaaBBB tBvaii BBaaa>*Bk aBiaBaaaakVJBaaBaB . a aaaaa 
BBBaBBBBBBBaii'BBk":'' Jk^aiaaaaaai' A aaaaaia-, «k 'aa^ •Ba\«8aBBBaaB bb> aa l■iaik.Bakv•BiiakBaaB > liiaBaa iaaaaM 

BBBBaaaa8aaB.iBipBk<JiJkBaaiaBaB.^apraaaBBaaBvaBiaBaiBaaBaaBBBBBrak.aaBBBaBa>iaaBB>>BBa>aBBBBaBiiaBaBB 
BBBBaaaBaaBBiiakiBB,'>'BB3aBaaaiBaarkaaaBBBaakkBkaaa>..aaaaBBBaai -aB'BBiiakiakaaiBa>iBBB. BBaBaaBkBaBBdB 

BapaaBaBaapBi BBi.'Ba7i.^aaapB,;r>Baaf ^aaBBBBaaiaaaaBkaaB -aaBapBaa aa.' BBkaBBBB- jb < aaaaa. aapa? jaaa aaa v « aaaaa 
BBBaaaaapaBBBaaa. r-B.BaaiiaaipaaiBBaaapaBaiBaaBBaaakBaaaaBBaa •asaiNaBBap<1i.aBppi:iiBB~'iaBBBBBviaapBa 
BBBBBaBBBaBBPtaBBk.-p.BiBapaiiiBaBBRBBBaaaaaBPBBBBBBBBBaBBBPi aa apMaaiahai^ ■iiiBoiapa>k«aBBBBB'> :BaiBB 
BiBaaa|aaaBaaiiBBaB.aBB.BBaiaaBBaapaaaRBa|aaaaaaBa8aBBBaBaaBBB|8 'ii. aBBB|Bai\aBaaBkBBPB>BaBaaaa.'aBBBBa 
aaaaa aiiaaBaaiiaaaBk.aaaB.aaaaaaiiiaaBaBaaaiaBaBaaaaaaaaaB.aBaa ia..-v'a.'BBaaiv>aB.'BaaB3«aaB.'aaBBaBBkBaaaaa 


BBRik'Btk'iBBaaaBBaa'aaaaiiaBBai 
bbb il.'BB.'<pBiiiaBaak-aaaaBtaaai 
aBai'PBRaB>BBaaBBBiB.: ^aaaBiaaai 


"laaaa BBBaa aaaaa BBaaaaaBai 


I ppaBBlr--- 
■■■■■I! 


apkBB.'BBBBBakB.'aBBiBk^PBBk.BBaBPBBIBBBaB 

BBBBRaaBaaBBaPBBk'BB Bik'BBkBaBBB'>>ak lllia^tBBB .' IBBiBaai BapBBB 
BRaapapBaaa'aBp>'BBaBB4aak'aBBia'iPk*iiBk'4pBa^jaBBBBB^BBBaBB 
aaBaiBiak\Bv>aBar'BaBaBs^B.iBBBBp>ip.aBBpa 'liaa* laaaPia <jBapBa 
__ aikaB\'>BPBikii«iBlBBv»BBB*BiaBBaaviBiaiP 


^ laaapBB^iaaBBBl 
^Blaa ■ 


aaak'B‘‘'iaaaBaB j = 9-aaaaaaaaB aa' lawBi 
--P^Blik . .'BaBBapBraBaPaBBaBaB.' BBkia^ai 

r^B.SpB.i.k - 


liiBiiiiiii:!:;; 

iBBBBBBBaBBBl T:, 

laaaBaaalaaaaB iaa1aaa*aaaaa^-aiaaaai 

jliialsSsSlSSSiSi^*' 


IBBaaPBBBBB kia.pBBBB^BBBBr'aBaBaBaMBBapBl 

ialiB|aBBlBkBa?kBBBlii|iB :iBBiBaB'«BRBil| 
IBBaBiiipil.vjitlBpBBBilBB^iaBBBBi^.B 


, ia,1,--'4Bi'-'BBBBafciBaB- r'lBBJBBB 

aaaaaapBaiaBBBBprr: t .. aak'BaaaaaBiaiBi-;:. '/■■■BaaB>aa< Baaiki 
aaaaBBiBBBBBB lian '.;;s r >'jBa.'<BBBaBCiBBBaaa2ipaBaaap.'iK'kpaa^'i 

aaaBB aaaaa aaar ; k ps _!'.'<pBaBa>'<aB.^:;' -ta aaaaa BBaaaaaaak 

BBaaaBBaRRaaai ..'ik..a^ilaBB.'aar ' 

aBaaaapaBaaaaak ••.li^iaBaaaaaa.'ii 
BaaBB ai aaa ar-* — 


» BaBiiipB|.vji\iBpBa^ilBBPiaBBBBi^.BBaaB 
BBBBBBiiB:'Bai.aBili:'.'aBB.^BpBBBaa tiiliia 
iBBaa" IB 'aBkaaapafcpB BBaaBiiBBa..''aBa\aiBBB 'illi kBBaaaii 'iBaaBB 
'aaaai iW.*a8...Baa«apBB BBBaaBiBRaaMB.'appBB.'iappk’f aBBBaasBBaaBB 

. --iiBBBB. JBkklaBBkPplivkBBiaaa^aaBaBB 

B||pi|vjB:iBBBBa«aBBBMaaaBBar<BBBI 
BlIiBBpip:. liBBB «BBlkia|||Bi xiaii 


JB«B|PBaak'^. •jaaa.:=3BBaBbw>aa«>aaaai ft.*a8...Baa«apBBBBBaaBBBRaa\iB.'<apL--. — , 

BRaBBBBaaBBaiiak'Bik'aBapk' laaBaappaaBar ■BBBaBv^aaBBk'aa ^Bkai BBaaBiiaaBa.' jakviaaBk «piiv .appaal 

|.p.~~iai'''BBBBaBBaaa' •k.'kaai aBB>-raB BaiiBB|Bpilv]B:iBBBBa«aBBBMaar — 


----''(BlBPiiiilliBiaiiiiiiiii BiiikiiiiiBi xiiiiBB I 

aaBailltBaBPBBaiivaBBBBviiBB~4illlaB> 'bbbbsI 


pflaapB 


laaaaaaaaaaaakf ak'BB* .'<pbb BBaaBBBaBBB>ot‘' aaBaa v fpap; jaapaBaMaai 

iBBBBRBaBapBBaia|aB.''aBaBBppplBa||ii ■BB|BkiiBik'tBBiiBa«i|BBL-- 

aBaaflaaa.^iaa>aBaaiiaBaiBaBiaaa|PiiB<'-aaiiRBa|BBllBi.'ii?aiilB<kVBBBPpiiBBBi 4 iBBaaB 

K k.iaRaaacfliR 2 «BaaBiBaiaaBaaBaiBapa| 2 iBBBBBiiiiaa||k^i -■RB|P\'<llia|Bpaail ^Baia|B 
ai'aaaaia'aaaa...:~aiaaaaaaaBaaBa 8 aaiBaaaBiiaBBa 8 ailBBBk'BailkaaBBBllBaBBaBk'aBaiB 
aaapaaaa «> '«k'a.>j'aBaBaaaaaaaaaiaaaBaaBaaBaa8aaaaaBBaBaBaBBBBaaBBpaaBBRaBPBPBBaaBBB|BBBBBaBBa8aaBaaa8B a| 
BBBaaBBBt'kP^kak k^BBaiar.r 1 // ■a■l 8 RaBB§RaiBaR||BBEIaBaBiBiaBBBPBilBBBB|BfiBBBai■iiiBBBaB•BBiBaii■■iliB■ 
aaaaapBBt \k«'^apapa?aaf Pi': ' jaaa*a|B|Biaa|paBlliaBBpaaii 8 |aBpaBBBpBBaiiBBPBPBBiBBBaBBPBia 8 BBBBiliBBBBBr 
appaBBiaB\aka.^a.^ak'apBllBaBaBBr::~iaiBfBa|iaaaaapiiaBBBaaliBBaBapBBaap|BapBappBBaBl|iRBBRpaliBBBaBaBBl 
aitBBaaaa lk Bk a.^ak'aa’aaaaBBliaaL '.vtsaalEBBaaaBiliaaBBaailEBaBBBBiBB'.'iliaBBBiaBailBiBBBaaiiBaaaiaallBl 


:!!!'.? 



■ Ik'iaa^BBaaBBapBff aaBBBBaaai 
iBaBBBBAriBBIliiBlBBBiBBPaBI 


laaBBaaaBaaBB.MBakiii 'iaasailikaaBaoaPBBa».k 9 BapiaPka*;aalBBv|B.''iiaBBBBAriBB||ililBB|aBBPaiBBPBPBpE|f. 
* pRBaBRaBBi piaak'BaaPiak-aBBkppaikaR 8 tpBiiiBBpap>xpaapB )|pBip-«ilBB|«allliaBBBBaiiBpBBapaaBiiipat 



S aaBB aaaai ^iiaPk''Bkaak^aaBBBaBaBBaaaiBBaaB8Ba8aBBaaBaaBBBaBaaBaaBpaBaaBBBaaBpBBi 
aaBpBaBaBkaippp^aa.''ppwallaaBappBBiiaBBBBBiBapfBiBBaaBiiaBpBBBipiB|pBiiBpBppiEi 
aBRRiaaapB Pk'aakaBw'BBZaaB^aBaaiiBaBaBBBilBrBaailBBaaaaBBBBBaBBBBf BBlipaipilBaapi 







''aa'<BBkaaaBpk'.aab.-*aaak.^BBaRBBk.'aaBB''aaBaBBaaBBppBBBBaaaak' ■Bkia^aBB-aapfll 

jB''Bak'aaB:'aBBia.'aBak-«BBBk'aEBaBBak .-4 ^'■aBBBBBBiiBBBaBBBakaBaiBc ipBk:*kil| 

Bai<kaBap.'aBkaBa.'aBkaBPkapBBBk'<RaPkCBaak^alBaBBfe..^ :./'kp|BplaBBaBBBaaaBa;;<aBkipk'<iB*>aBBB" 
Baiiak'BaiB.iaRa.'<BBk«Bk'<aBa>iaBBpk^aBak:aplB..kaapRBaBk 'ailEBaapppEapBaBaBB iBv'BBipai iBBia 
aaa la.iaaBB.^BBB.^BBk .aa.'aaBkaBapBB.'aBaa£aaBB.;«iaBBaBla^'<BBaiaEaBBiaaaaa i «i .'aB'iaalJak aa 

Baai'BB.^”“pa.>^r Jk a* . ■'•■:-ap':.r.^B'-^'.ak,''aBa.k:aBBi. .^aaa^ BapBaaaaaBi 

_BaBi»-p?''«-'aB.--'*k', ; -laBk' TiBBBBaiii 

Baaaa -i' 'jaar ;kak' -kk - . - k-r k.. -•'PBaBk,^ ' k.-i ' w « c .oB ilaaBBi 
BBaaai .i " kapRBB.'Baak.BBk -lapkoaBakaBBapaa. .aaBk^ .aaBk-^aBBaapiai 
BBaBBtkaaBkiaBaa.'>BBBk-<aak'<B8k-<aBak.^aBiaBak'aBBBk'«BaSBk«BBBaiBi 





1334 


BRIDGE ENGINEERING 


Chapter LVI 


arbitrary, depending on the judgment of the designer; but it will usually 
be from ten to twenty-five per cent of the volume of the ribs themselves, 
the smaller value holding for closely spaced flat ribs carrying heavy 
loading, and the larger one for widely spaced ribs of high rise carrying 
light loading. 

Fig. 66dd gives the quantities in ribs one foot wide, for either open- 
spandrel or solid-spandrel arches. The curves were worked up for open- 
spandrel arches in which the live load was four-tenths' (0.4) of the total 
superimposed load per foot at the crown (exclusive of the weight of the 

rib itself); and the quantity CW^ 0.6 + takes care approximately of 

the effect of variations in the live load to tobil superimposed load ratio 
and of the addition of th(^ Ailing in the spandrel-filled structure. It will 
be noted that this expression equals the total superimposed load per foot 

for an open-spandrel arch in which equals 0.4. The curves are evi- 
dently applicable to ribs of any width; and where the width can be varied, 
they can be used to determine the most economic rib. In the case of 
open-spandrel structures, it is thus possible to determine whether the 
ribbed type or the solid-barrel type is the cheaper, remembering, of course, 
that the ribbed type will require cross-braces. The curves of Figs. 56cc 
and 56dd are entirely consistent, those of the former having been derived 
directly from those of the latter. A little extra steel was addcxl in the 
sides of the ribs of high rise. 

It will be found that a considerable change can be made in the con- 
crete quantities of Figs. 56cc and 56(M by varying the percentages of steel; 
but the total cost of any rib will not be greatly affected thereby. Except 
for the ribs in which the rise is one-half of the span, the curves show the 
maximum carrying capacities of the ribs for the percentages of reinforce- 
ment adopted; but these capacities can be increased by using more steel, 
with but little loss of economy. However, this should rarely be necessary. 
The minimifoi curves were determined by judgment. For a load below 
the minimum plotted carrying-capacity of a rib, the amount of steel per 
cubic yard of concrete can, of course, be reduced somewhat below the 
value given on the diagram. 

The two following examples will illustrate the use of Figs. 56i to 56dd, 
inclusive. 

A. What is the economic span length for a reinforced-concrete trestle 
for a long structure to carry a double-track electric railway of Class 25 
live load at the middle of a creosoted-block-paved roadway, 44 feet wide, 
figured to support Class A live loading, also two 8-foot sidewalks to cany 
Class B live loading, the distance from ground to grade being 40 feet, the 
permissible pressure on the foundation soil being 2.5 tons per square foot, 
and the depths of the foundations below ground level being 10 feet? 
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What are the quantities per lineal foot of span for the various portions 
of the structure? 

Floor System 


Concrete per lin. ft. of structure (Fig. 66<) = 3.35 cu. yds. 

Steel per lin. ft. of structure (Fig. 561) = 610 lbs. 


Main Girders 

Dead Ijoad (per lineal foot of stnicturc) : 

Floor system = 3.35 X 4,000 = 13,400 lbs. 

Pavement = 44 X 25 = 1,100 “ 

Track base = 20 X 75 = 1,500 “ 

Rails, etc = 100 “ 

Handrails = 2 X 400 = 800 “ 


Total dead load 

Assume a span lenglb of 30' (loaded length of 60'). 
Ldve Load (per lineal foot of stnicture) : 

Class 25 (Fig. 6/1) = 2 X 2,200 

Impact (Fig. 7d) =41% 

Class A (Fig. 60) = 24 X 111 

Impact (Fig. 7e) =31% 

Class B (Fig. 60) = 16 X 92 

Impact (Fig. 7c) =31% 


= 16,900 lbs. 


4,580 lbs. 


1,880 “ 
2,670 “ 
840 “ 
1,470 “ 
4()0 “ 


Total live load = 11,000 lbs. 

Total load per lin. ft. of structure = 28,800 lbs. 


Total loatl per lin. ft. of girder (t wo girders per span) 
By Eq. 1, we have for the economic span, 

2,000 


I 


- ) = 

1 , 000 / 


-*’(”■’ + .4,400 + 

Hence we shall assume a span length of 20'. 

Live Load (per lineal foot of structure) : 

l^ioaded length 

Class 25 (Fig. 6h) = 2 X 2,650 

Impact (Fig. 7d) =47% 

Class A (Fig. tkO =24X114 

Impact (Fig. 7c) = 36% 

Class B (Fig. 60) = 16 X 95 

Impact (Fig. 7c) = 36% 


21.5. 


40' 

5,300 lbs. 
2,500 “ 
2,740 “ 
990 “ 
1,520 “ 
550 “ 


= 14,400 lbs. 


T'>tal live loail 


= 13,600 lbs. 


Total load per lin. ft. of stnicturc 


= 30,500 lbs. 


Total load per lin. ft. of ginlcr 

Concrete per lin. ft. of girder (F'ig. 56!;) 


Steel per lin. ft. of girder (Fig. 56i;) = 0.37 X 185 

Concrete per lin. ft. of structure =2X 0.37 

Steel per lin. ft. of stnicture = 2 X 70 

Weight of one girder per lin. ft = 0.37 X 4,000 


= 15,300 lbs. 

= 0.37 cu. yds. 
= 70 lbs. 

= 0.74 cu. yds. 
= 140 lbs. 

= 1,480 lbs. 
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Columns 


Load on column from girder. 
Depth of girder (Fig. 56u7) . . 
Depth of footing (Fig. h^w ) . 
Distance grade to top girder 


= 21.5 (15,300 + 1,500) 
= 5.8' 

= 2.7' 

= 1 . 0 ' 


Total = 9.5' 


Height of roliimn = 50' — 9.5' = 40.5' 

Concrete in one column (Fig. 50a;) 

Steel in one column (Fig. 56y) = 14 X 150 

Concrete in columns per lin. ft. of structure. . = 2 X 14 -s- 20 

Steel in columns per lin. ft. of structure = 2 X 2,100 20 

Weight of one column = 14 X 4,000 


Footings 


Load on footing = 362,000 + 56,000 

Concrete in one footing (Fig. 56a) 

Steel in one footing (Fig. 56a) = 9 X 65 

Concrete in one footing per lin. ft. of structure. = 2 X 9 -y- 20 
Steel in one footing per lin. ft. of structure ... = 2 X 585 -r 20 


Summary op Quantities 


Part of Structure 


Floor system 

Girders 

Columns . . . . 
Footings. . . . 


Concrete 
(Cu. Yds.) 


3.35 

0.74 

1.4 

0.9 


Total 


6.39 


» 362,000 lbs. 


= 14 cu. yds. 
= 2,100 lbs. 

= 1.4 cu. yds. 
= 210 lbs. 

= 56,000 lbs. 


= 418,000 lbs. 
= 9 cu. yds. 

= 585 lbs. 

= 0.9 cu. yds. 
= 60 lbs. 


steel 

(Pounds) 


610 

140 

210 

60 


1,020 


B. For the same type of floor and loading as in the preceding reinforced- 
concrete trestle exampk;, what will be the various quantities of concrete? 
in the different parts (excluding abutments) of an arch bridge having a 
single, 150-foot-cIear span (or 160' between springings), of which the rise 
is 32 feet, the arch being open-spandrel? 


Floor System 
(iSce preceding problem) 


Con<*rete per lin. ft. of structure = 3..35 cu. yds. 

Steel per lin. ft. of structure = 610 lbs. 


Spandrel Girders and Columns 

Assume load on .spandrel columns per lin. ft. of structure same as for 

main girrlers in the preceding problem 

Concrete per lin. ft. of structure (Fig. 56<xa) 

Steel per lin. ft. of structure (Fig. 56aa) = 0.77 X 130 


= 30,500 lbs. 

= 0.77 cu. yds. 
» 100 lbs. 


0.77 X 130 
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Arch Riba 


Superimposed Load at Crown: 

Dead Ijoad (as for girder spans) 

Spandrel girders 

Live Load (for 80' span): 

Class 25 (Fig. Qh) 

Impact (Fig. 7d) 

Class A (Fig. Go) 

Impact (Fig. 7e) 

Class B (Fig. Go) 

Impact (Fig. 7c) 


= 1G,900 lbs. 

* 0.77 X 4,000 = 3,100 “ 

= 2 X 2,040 » 4,080 lbs. 

= 36% = 1,470 “ 

= 24 X 108 = 2,590 “ 

= 28% = 730 “ 

= 16 X 90 = 1,440 “ 

= 28% = 400 “ 


Total live load = 10,710 lbs. 


Total load per lin. ft of structure = 30,710 lbs. 


Total load p«!r lin. ft. of rib (two ribs per span) = 15,400 lbs. 

Rise =0.2 span 

Concrete per lin. ft. of structure (Fig. 5ticc) = 2 X 2.4 =4.8 cu. yds. 

Steed per lin. ft. of structure (Fig. 56cc) = 4.8 X 240 = 1,150 lbs. 


Braces 


Economic (?arrying capacity of rib (Fig. 56drQ = 1,300 lbs. per ft. width 

Width of rib = 15,400 1,300 = 12' 

Unsupported length =80' 

Evidently no braces are needed. 


Summary op Quantities 


Part of Structure 

Concrete 
(Cu. Yds.) 

Steel 

(Pounds) 

Floor 

3.35 

610 

Spandrel girders and columns 

0.77 

100 

Arch ribs 

4.80 

1,150 


Total 

8.92 

1,860 



Arch Piers and Abutments 

Owing to the great number of the variable's which affect the quantities 
of materials in the piers and abutments of rcinforced-concrete arch 
bridges, it is entirely impracticable either to record the said quantities 
by diagram or to give any fairly approximate simple rule for their quick 
computation. Concerning this matter the author speaks advisedly; for 
he personally wasted a whole week of ten or twelve working hours per 
day in trying to establish a formula therefor, involving the following 
variables: length of structure, width of deck, average live load (including 
impact) per square foot of floor, average ratio of rise to span, average height 
of piers and abutments, average intensity of pressure on foundations, 
average ratio for all piers of the inequalities (greater than unity) of the two 




1338 


BRIDGE ENGINEERING 


Chapter LVI 


adjaccMit clear si)an-lenglhs, average length of span for entire bridge, number 
of sj)ans in structure, and averages for all piers of the v(Ttical distances 
from the lowest part of base to the point of application of the resultant 
of the two thrusts. These variables were propc'rly takt'ii care of in th(5 
tentative' equations; and ai)i)roximately correct rule's for their metliodk 
of variation were e'stablislu'd, as hereiiuifter inelicaleel. The author had 
at liaiiel pre)perly eligesteel and talnilated elata fen* eight large are;h strue;- 
tures; but, unfortunately, the're we're otlu'r variable's than the prc'cc'eling 
ones involved in their designing which preve'iited any satisfae^tory sj^s- 
te'mizatie)!! — fe)r instance, one bridge* was built as light as the e'ngiiie?ers’ 
coiise'ie'uces would alle)w in order te> iiie'e't a fixe'el appreipriatiem, while 
anothe'r w’as made very massive for ivsthetic e'ffi'ct te) suit the re'qeiire^- 
me'nts of a cliemt; two brielgt^s liael ice'-bre'aks, while the e)th('rs had none; 
se)me of the de'cks were' caiitileve're'el out be'vond the' pie*rs, while* the others 
we're imt; some are'lu's we're ribbe'el, while otlu'rs we're solid-barrelle'd ; 
some structure's with ime'epial adjace'iit spans hael the'ir points of springing 
adjuste'el so as to ke'e'j) elown the ove'rturning ineaue'iits eai the* ])ie'rs, while 
in ejthers the* sj)ringiiig i)oints on e'acli ])ie‘r were* at the same* e'le'vatie)n; 
erne brielge' alone liael a eleiuble-ele'ck; anel enie slriie*ture liael Iwei abut- 
iiu'nt ])ie'rs, while none eif the* otlu'i-s hael any. As a climax to all the*se 
varialieins we're' the* pe'i-semal e'quatieins eif the varieais e*e)inpiite*i*s — ^.'iiul tlie'se 
in re'lnfore*e'el-cemcre'te' weirk are* by nei ine'aiis ince)nsiele*rable‘, varying ofte'ii 
by many pc'r ce'ut -but (weirse* yet!) the* fact that the* ine'iital condition of 
the inelivielual ceimpute'r change's from time te) time has an influe'nce ein e*e)n- 
crete' quantities that is far from be'ing lU'gligible. Much to his re'gret, the^ 
autheir hael to abanelon his intent iein of ])re'])aring two eir threui ge'ucral 
formuhe for eieincrete quantitie's in the' pie'rs and abutme'iits e)f the^ varieius 
kinds of reinfe)re*e'el-ce)ne*re'te are*h brielge's. Such a se*t of ('ejuatieins weiuld 
have renmded eiut in fine shape' the tabulate'el and eliagramrne'd recorels 
of epiantities of materials in bridge's give*ri in this tre'atise*. Te) this extc'nt 
the author’s work may, jie'rhaps, be* claime'el te) be* ine*e)m])l(*te; but as 
it is ne*e*essary at time's for an e'ligine'e'r te) make a hurrie'el estimate? e)f 
cost ejf a prope)se‘el reinfeirceiel-e'eincre'te' arch brielge*, seiine* me'ans erf jiscer- 
taining, at le'ast ajiprejximately, the quantitie's in piers anel abutme'uts is 
a necessity. Henere* the* authe)r will re'e'e)rel he're* a fe»w elata ))ase*el upon 
a function that he has eveilve'el anel has te'rme*el the? “Volume of Layout,” 
which ce)nsists eif the* f)re)due:t of the* are*a of tlie* prejfile* (me'asure'el vertae?ally 
betwe'cn the graele of the? fie)e)r anel the* X)e*riphe'ry fe)rme'd by e?e)nnecting 
with right lines the lowe*st parts of aeljace'ut pie?r fe)undiitie)ns, and hori- 
zontally be*twe(*n the inne*r face's of the abutments) by the width of the 
de?ck. 

In Table obex are re*e?orele*d fe)r se?ven re'infe)re?e'el-ce)ne*rc?te arch bridge?s 
the following functions: Le*ngth in fe*e*t eif structure? be*twe?en inner face's 
e)f abutme'iits; cle'ar wielth e)f de'ck in fe?e*t; ave'rage lu'ight in fe?ct of all 
the piers and the abutments; ave'rage live loael, inclueling impact, in 
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pounds per square foot of floor; avc'nige maximum pressure in tons per 
s(|uare foot of foundation; avcTugc^ of all the ratios of rise to span-length 
in the arehes; average for all i)iers of the ratios, greater than unity, of 
adjacent clear span-h'iigths; average of all the said clear span-lengths; 
average of the vertical distances in the various piers b('tween th(^ base and 
the point of api)lication on the* vertical axis of the resultant an^h-thrust; 
number of spans in structure; approximate area in square feet of the surface 
boumU'd by the grades line of floor, thc‘ p(Tii)hery of base-bottoms, and the 
inner face's of abutments; the “N'olume of the I-ayout” hi cubic yards 
found b>’ niulti])lying the last-mentioned an'a by the clear width of floor; 
the total voluiiK' of concre^te in all the ])iers and one (average) abutment; 
the ixTcentage which this last quantity is of the “Volume of Layout”; 
and the same percentages corri'e'teel so as to agren' ivith the aSvSumi)tion 
that the volume of the one abutrneMit include'd is ('(pial to the average 
volume of all tlu' piers. Tn the last column an* ins(Tt('el some general 
remarks recording various sp('(*ial filature's of the^ din\*re*nt structures. 
Attention is called to the fact that in the Tulsa lh*ielge the corri'ction of 
percentage' c(.)vers the e'xclusioii of the* two abutment-])iers, so as to place 
the recorel for this structure on the' same ]>lane as fe)r the othe*rs. The 
funedions of tlu'se' abut mi'iit-piers are to jMH'vent. a total collapse of the 
entires bridge in case' ejf a washout e)f any i)ie'r, anel te) ])roviele for the j)os- 
siblc future const nie*t ion of a inoval)le' span. The'ir aele)]ition for ve'ry long 
structure's wliere a washenit is possilde is a wise^ ]iree*autioii; nevertlu'less, 
one shoulel not, on ae*count of having UM'el the'in, take any chancijs by 
ni'glecting to make e ach ])ie'r anel each abutnu'ut just as secure as is prac- 
ticable against be'ing unelerinineel. 

The methoel of employing Table oOei for any particular case is as 
follows: 

Firat, rre])are' a true'-se*ale' pre)file? of the* eTe)Ssing, she)wing the' graele 
line, the gre)unel line*, anel the inniT fae*e*s e)f the* abutments; the*n mark 
on it a fejunelation line, inelie*ating, as we»ll as can be anticipateel, the 
ele*pths to whie*li the pie'rs and abutme*nts must go. 

Second, f alculate* rejughly the? are*a inclueleel be?lween the graele, the 
founelation i)re)file, and the* fae;e line's of abutmi'nts, and multiply it by 
the clear width of roaelway, so as to obtain the “Volume of Layout,” v. 

Third. De‘te*rmine? wliie*h of the* se'ven brielges in Table* .Wa has con- 
elitions most ne*arly agre'(*ing with the one in quc'stion in re'spect to general 
character e>f e*onstruction, anel take its re*e?orde*el value of P\ the'n multii)ly 
te)ge*the*r the values of v anel 7^' thus fejunel anel elivielo the pre)elue*t by 
eaie? hunelre*el. The re'sult will be? the total vejlume? in ejubic yarels fe)r all 
the piers anel erne abutme*nt that lias the same volume as the? average eif 
the volumes of all the? pie?rs. If th(?re be two sue*h abutments, the re'sult 


found is to be multiplied by the ratio 


n -f- 1 


where n is the numbe'r of 


siians in the prof^osed bridge. If the abutments arc materially different 
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in size from ilu? average pier, the volume for all the piers alone is to be 

(letoriniiied by multiplyiiij' the n'sult found by the ratio : and to 

n 


tiiis must be addc'd th(‘ volumes for the tv'O abutments, which can be 
arrived at approximately, as explained later. 

Fourth. Should there be any abulment-i)ii;rs in the structure, each 
such i)icr will usually have about twi(;e tins volume of the avcragcj ordi- 

-.p/ 

nary pier; h(*nce if then' are h' such al)utmeut-i)iers, th() value of - - 

lUU 

previously found must be mulliplied by Ih.c ratio - in order to (h'ter- 

n 

mine tlu' voluiru' of c()n<‘n*t(' in all llie ])i(Ts and one similar-sizc'd abutment. 

The r(*lativ(^ volunu's of ])i(Ts and abutments for tlu? various heiglits 
are by no mi'ans eonstani ; because' miieli will dc'pend ui)on the natural 


Q! 02 03 04 05 06 07 06 09 10 U 



Raflo of of /4bufmen7 h of ^i/erage Pwr 

Fig. oOw. Ri*infon(Ml-(\)nm't(' An*li liriflsos, Ajiproxiinate Ratios of Volumes of 
Abut iiK'iits ami AviTaf!:(* Piers. 


slopes of tlie ground in tlie rear of the latter. For piers and alnitmt'nts 
of etpial lu'iglils and a slopt* of oiu' and a lialf to one, the abutment will 
have about twice tlu' volume of the pier; while if tlie ground be level, it 
will hav(' fully two and a half timi's as much. For })i(*rs and abutiiu'nts 
of (?(iual voluriK', the height of the abutment, will be about sixty (00) per 
cent of that of the ])i(*r wlii'ii the rear slope of tin* ground is one and a half 
to OIK', and about fifty (AO) per cent when it is h'vi'l. In order to facili- 
tate th(' computation of the approximate' volumi's of the abutments. Fig. 
50r« has b('('n prepan'd. In using it one should not forget that it is, of 
necessity, men'ly roughly a]iproximat(‘, but sufficii'iitly accurate, however, 
for preliminary ('stiinales. 

TIk' im'ceding instructions relate to any crossing for which no definite 
layout of j)i('rs and arches has been made. .Vfte'r tlii'se fi'atures of the 
jiropose'd struct un' have' Ix'en settled, a more' accurate' I'stimate of the te)tal 
veilume of substructure' concre'te* can be eibtaiiK'd by moelifving the value 

of adopted from Table 5Ga before multiplying it into — The saiel 
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percentage (P') will vary with the different values of H, W, I, R, R', S, 
and T, approximately in the proportions given in the following equations, 
in which the capital letters refer to the known structure of Table 56a, and 
the small letters to the proposed structure: 

Ileigkt 

The percentage p' for a change in height is given approximately by 
the equation. 

Live Load 

As the dead load does not increase quite as raj^idly as the live load 
and as the section of the pier does not incn'ase as rapidly as th(‘ total load 
upon it, the value of 79 ' for a change in the live' load can be taken as 

V' = P' (y"!-) * [Eq- 31 

Intensity of Presmre on Foundations 

As it is only the base' of the pier which is afTectc'd by the soil resistaiKM', 
the value of p' with changing foundation loading will be, for average cases, 
about as given thus, 

?/ = P'(y)*. tEq.4] 

Ratio of Rise to Spayi-Lenyth 

It is diffi(ailt to say how the change in the avc'rage ratio of rise to 
span-length will alTe(!t the volume? of the piers, l)ut the author believers 
that the following ecpiation will provide fairly well for the effect of the 
variation: 

p' = P' (y-)®. [Eq. 5] 


Inequality of Adjoining Span-Lengths 


The effect of this factor will dep<?nd on the reflation of the springings 
of the two spans on (?ach pier. If these? be k(‘pt at the same height, the 
value of p' will be given ai)proximateiy by the equation, 


P' 



[Eq. 6] 
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while if they are adjusted to equalize as far as possible the pressures on 
the base, the said value can be taken from the formula, 

= lEq.7] 

If one of these conditions holds for one structure, and the other condition 
for the other structure, r' will appear as the first power and R' as the one- 
third power, or vice versa. 

Average Clear Span-Length 

For any layout, the total volume of piers and abutments will vary 
with the average length of clear opening adopted, but not very rapidly, 



Fio. TiiSJf. Rcinforccd-Concretc Arch Bridges, Exponcntiul Curves for Roiluetion 

Equations. 

howev(T; l)(»eause for a greater span-length the number of piers is de- 
creased, but tile volume per pier is increased. The effect of variation will 
bo given with suilicient exactness by the equation, 

p' = jEq. 8] 

Average of Lever Arms of Res^iUant Thrusts 

Provided that there be not too groat a difference between the values 
of t and 7’, the*, effect of their variation will be given with sufficient accuracy 
by the equation. 



[Eq. 9] 
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nniDlJE ENCINKERTNO 


ClIAlTKU TA’I 


It sppins almosj. iiiin(‘C(\ssary (o slaic lliaf fli(' product of all tlio ratios 
7 / 

of ^ 7 , given by KqiKitions 2 to !) inclusive, will bc^ the liiiiil factor with 
which to inultij)ly the value of P' taken from Table obu. 

i)^ 

In order to iletermine readily the values of ' in Knuations 2 to 0 in- 

‘ y>/ ' 


elusive, Fig. nOff has been jn-epared Ent<'ring th(' diagram at the bottom 
with the ratio of the* factoi’s under (‘onsiih'ration and tracing vertically 
ui)ward to the ciirvi* representing the exjxmtait of this ratio, the said 
valu(‘ is read at the left-hand margin. 

It is to be regret t('d that th(T(‘ an‘ not more examph's of the dilh'n'nt 
types of reinforc(Ml-concret(‘ arch-liridges ri'cordi'd in Table obu. For in- 
stance, there are not enough records to iiidi(*ati' how the value' of /^' would 
change in passing from structure's with cantile‘ve‘re*el He)e)rs te) the)se' without 
the'm. The autluDr is of the* e)pinion that if I he' le'iigth e)f any pie'r is in- 

llh 

crease'd b}' this change m per ce'iit, the value' e)f I'’ sheiuld be* incre'ase'd - 


per cent. Again, in ])assing from arch bridge's withe)ul e'arth-filliiig te) 
those with earth-filling, e'xclusive* of the e'HVct e)f omitting the' cantile've'r 
brackets, there is an iucre*ase in the' value eif V be'cause' eif the' augme'ute'el 
dc'ad lejael — possibly from twe'uty (20J to thirty (.’10) pe'r ce'iit. Oiice^ 
nmre, either things be'ing e'eiual, the're* is an incre*ase' in the* value' e)f P* eluei 
to passing from ribbe'd to seiliel-barre'ile'el arche's, ranging in aine)unt from 
about twenty-fivf' i25) to ne'arly fifty (.“lO) ]>e'r ce'ut. On ace*e)unt eif tlu'sej 
great variations it is expe'die'iit wlu'u using Table' .5bee te) aelhe're as e*le.)se*ly 
as possible' to the type eif structure* e*e)nle*niplate*el, irre‘S])e'e*tive' e)f he)\v 
great may be the variations in the* te'rms e)f Feiuatie)ns 2 to 0, ine*lusive'; 
be'cause all the saiel e'eiuations give' fairly aea'urate' re'sults e've'ii whe'ii the* 
values of the* corre*s])e)mling te*rms are* wiele'ly eliverge'ut. 

In respe'ct te) what is the j)re)pe*r ame)unt e)f re'iidbre'ing ste‘e‘1 per cubie; 
yarel of cone*re'te to alleiw fe)r the* pie'rs anel abutme'iits e)f re'infe)re*e'el-e'e)n- 
cretej arch-brie lge*s, there is a ve'ry wiele* range*, ele'])e*neling mainly e)n the? 
lightiu'ss e)r the? massive *ne*ss ejf the* const rue*l ion, the* light e*r the* we)rk the? 
gre'ate'r being the ])re)pe)rtiouate (|uantity e)f the* me'tal. For ])iers su])pe)rt- 
ing se)lid-l)arre'lled arche's, twe'nty (20} pouiuls ])e‘r e*ubie* yarel will be* ani])le', 
while for ribbe'el are*hes, the ste'cl sheailel be* ta,ke*n at frean thirty (110) to 
nine'ty (00) pe)unels per cubic yard, with an ave'rage* e)f abe)ui sixty (bO) 
])Ounds. The* le)we*r ejf the*s(* value's she)»ilel be* use'el fe)r massive* e*oiistru(i- 
tion, while* the U])j)e*r one* shoulel be* aeleipte*el for light weirk in which the? 
se'ctie)ris have* to be* we'll re*infe)re;e*d fe>r be'iieling. The* sle*e*l in abutme'iits 
will vary frejm twe'Uty (20) to se*vent 3 '^ (70) peiunels pe'r cubic yard. Feir 
mass-abutme‘nts with small wing walls, the* lejwe*r value? sheailel be? use'el; 
whiles for the same type* eif abutine*nt with large? re‘infe)re*e*el wing walls 
having from one-epiarter to ohe*-half of the? veilurne? of the? said abutme?nts 
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thomsolvos, from thirty (30) to fifty (50) pouiids should bo assumod. For 
orib-jU)ulrn(Mits about sevonty (70) pourids per oubic yard will bo 
noc(\ssary. 

Th(? pr(‘(M*dinff molhod of finding the volumes of piers and abutments 
can b(^ mad(^ api)licabl(^ by any consulting engin(»(T, in n^gard to struc- 
tures (h'sigiK'd by his spt'cial s])ecifications and a(*cording to his individual 
notions of coiistriudioii and derailing, l)y analyzing the records of some 
of his (h'signs and ])repariiig therefrom a labh; similar to Table SOn; and 
in ap])lyiiig lla* corrc'clions for the valu(‘s of P' in ord(T to obtain close 
results, h(' can eitluT us(‘ lupiations 2 to 0 inclusive, of this chapter, or 
els(‘ he can pr(‘pare similar but slightly dinerent (‘(piations that will 
liarmonizci b('tl(T with his iiulividual ideas of the methods of volume 
variation. 

As th(‘ author has ik^vcm' y(*t had occasion to dc'sign a n^infoieed-concrete 
steam-railway bridg(», he is unable to giv(» luTe any data in regard to such 
structuH's; but it is ])erfectly ])racti(‘abh‘ to n^cord all the quantities of 
concrete for them in exactly th(* same way as laaxan explained for high- 
way l)ridg<'s and combined highway-and-eh'ctric-railway bridges of rein- 
forc(‘d-concn‘te construction, and to us<‘ the nrord in the manner described. 
As soon as a sufficient numlH‘r of n''mforc(‘d-conc*rete railroad bridge's have 
be<*u built to jn-ovide a tal)le of adeepiate size and scojm' similar to Table 
5(ia, analyses of the <l(*signing r<‘cords of su(*h structure's should be maele 
and pu))lishe'<l for the* bene-fit of the* engine'e'ring ])rofe‘ssieni in geaie^ral. 
'riiis would be' a good task for some' pre)fe‘ssor of e'Ugine'e'ring who s])e'e‘ialize's 
in bridge'work; aial it is almost e*e‘rtain that he woulel nu'e't with ne) diffi- 
eailty in colle'e*ting the* ne‘e*(*ssary data fre»m the l)rielge spe'cialists anel the' 
railre)ad e'ngine‘e*rs. 

In orde'r to show how to apply Table Mn and Kquatiems 2 to 9, in- 
clusive', to an ae'tual case', an e*xami>le» will now be' give'ii. 

he't us assume a cre)ssing l,(i()() fex't leaig lu'twe'eii iniuT fae*e's of abut- 
me'iits, a e*Ie'ar wieltli l)e'twe'e'n hanel-rails e)f 50 fe'e't, an ave?rage' he'ight e>f 
l)ie'rs and al)utme*nts e'ejual te) 75 lee't, a live le)ael (including impact) of 
no ])e)unels ])e'r sepiare' fe)e)t, an inte'iisity e)f ])re'ssure on feainelatienis e)f 
5 te)ns, an ave'rage* ratie) eif rise' te> span e)r 0.2, an average' e)f all the ratie)s 
e)f aeljae'e'iit span h'ligtlis ('epial te) 1.2, an ave'rage' cle'ar s])an e)f 125 fe'e't, 
anel an ave'rage' levc'r arm fe)r thrust e'e|ual te) 15 fe'e't, the' numbe'i* of spans 
be'ing twe'lve'; alse) that theTe* are* e*antile've'r brae'ke'ts, that the are'll is 
soliel-barre'lle'el (but witheiut e'arth fill), anel that tlie' he'ights of the abut- 
me'iits are' f)5 fe'e't anel 25 fe'e't, with a sle)])e' e)f e'arth ai)e)ut e)ne' anel a half 
te> eine' be'hinel the' smalh'r abutme'iit anel eine that is lu'arly leve'l beliinel 
the? larger. 

The appreiximate are'a eif layeiut is KUK) X 75 = 120,000 sep ft., anel 
the' ‘‘Veilunu' e)f I^aye)ut ” is 120, 0(K) X 50 27 = 222,200 cu. yels. The? 
strue'ture' in Table' 50e/ me)st ni'arly re'sembling the one jiropose'el is the 
Austin Brielge*, for which the value of P^ is 0.0. 
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Substituting in Equations 2 to 8, inclusive, gives the following factors: 



Multiplying these values togothcT we have 

p' = 1.415/"' = 1.415 X 6.0 = 8.40 
v' = 222,200 X 8.40 100 = 18,000 cu. yds. 

On account of the irregularity of both abutments, this amount has 
12 — 1 . 

to be multiplied by - .,,y- in order to find th(‘ contents of the (‘lev’cm 
piers alone, making 

18,900 X ^ = 17,300 cu. yds., or l,.j80 cu. yds. per pier. 

1a 

The ratios of heights of abutments and average pi(T are = 0.87 
25 

and — = 0.33. deferring to Fig. 56ec, we find for tli(‘ large? abutment 
75 

a ratio of 2.1 and for the small on(‘ a ratio of 0.41, making a total of 2.54 
for the two abutments; hence their combin(‘d volume is 

1,580 X 2.54 = 1,010 cu. yds. 

Adding this to the 17,300 cubic yards found for the (?leven piers makes a 
grand total of 

21,310 cu. yds. 

This chaptei was the last one of the l)ook to l)f' completed, b(?cause 
the quantili(?s of materials for reinforccHl-conerc'tc? bridg(?s were not figured 
until after tlu* MS. of all the? other chapters had gone to press; and this 
question of quantities for piers and abutmemts was the last one of all to 
be solved. It had been considered not only by all of his assistants, but also 



QUANTITIES FOR PIERS, ABUTMENTS, ETC. 


1347 


by the author himself to be absolutely impossible to prepare any diagram, 
combination of diagrams, table, rule, or formula for determining the said 
quantitic^s, even with an exceedingly liberal allowance for variation from 
correctness; but at the last moment he evolved the method lierein given. 

It is specially hoped that the diagrams of Figs. 56^ to inclusive, 
and the directions for determining approximately the; quantities in the 
piers and abutnumts of niinforced-concrete bridge^s will Ixi found truly 
useful by the (ingineering i)rofession. In the author^ opinion, they an? 
sufficiently accurate for making preliminary estimat(is of (jost; Imt bidding 
figur(\s on c()ncr(?te l)ritlg('s sliould luiver be cjonsid(T(^d safe unless tiny 
are prepan'd from thoroughly made spc^cial computations and skc'tch 
drawings. Th(^ curve's and formulae, however, should be found serviceable 
in obtaining an approximate che'ck on the accuracy of all the? quantities 
that have been (!omput(*d in detail for contractors* bidding figures. 

(.■onsidering the fact that the establishing of fairly accurate' (Uita for 
making quick estimates for rc'inforced concrete bridge's has, during th(? 
last d('cad(', Ixm'ii a dn'am of the author*s (occasionally claimed by some 
of his friends 1o be nien'ly a ])ipe dn'am), and that, almost without excu'p- 
tion, every engineer whom he has consultc'd about the practicability of 
preparing such data has di'clared th(' task to be impossible of ai'C'omplish- 
ment, in thus comjih'ting th(^ MS. of his book he ('xperieiu'cs d('('p satis- 
faction in having finally solved the probk'm (and espc'i'ially that portion 
of it relating to Ihc^ pii'rs and abutments) — at least to his own contentiiK'nt. 

In concluding this chapter, thi^ author desires to tc'udi'r to Messrs. 
Harrington, Howard, and Ash, his former partner and assoc'iati'd engini'ers, 
his thanks for their courtesy in furnishing him the data for the Tulsa 
Bridge and the two Dayton bridges recorded in Table 5Ga. 



CHAPTER LVH 


ESTIMATKS 

The making of estimate's is one of the most important functions of the 
bridge engineer, for it is gi'iu'rally the first sti'p that he has to take in con- 
iic'ctioii with any engineering ])roj('et. Upon his ability to prepare a 
correct estimate will ofte'ii depend the important (pu'stioii of whether the 
projected work is to mat('rializ('; and unle'ss he havci an ('stablished re])iita- 
tion for accuracy, he will not often be ent rusted with the making of pre- 
liminary estimates for important ]>rojc'cts. 

The nuiuisites for i)r('i)aring ac'curate estimates are as follows: 

Fir.^t. A wide experi('nc(' in construction and in th(i a(*tual su])ervision 
thereof. 

Second. Tlu' habit of kee])ing in touch, through tla^ technical ])ress 
and otherwise, with tlu' curn'iit prices of all matc'rials and lal)()r that are 
used on engiiu'ering works. 

Third. The ability to grasp great. i)rol)li*ms, to follow na'iitally in 
adv^ance their eutin' (h'vc'lojnncmt and eveay probable detail of the con- 
struction, and to for('s('(^ eventualities. 

Fourth. Th(‘ habit of gcaieral accuracy and of ch('cking and counter- 
checking one’s computations so as to avoid all (‘rrors of magnitude. 

Fifth. The faculty of systemization, so as to avoid the possibility of 
omission of important items of exjx'iisf? ly the pn*paration of lists and the 
making of records. 

Sixth. Absolute' hone>ty, develop(»(l to such an extemt that the desire 
to materialize the project will in no way influence the mind to minimize 
the estimated expense or to omit any probable il(»m thereof. 

Seventh, (lood judgment to j)n'V(*nt a t<K) hon(‘st intention or timidity 
from overloading the estimate and thus killing the (‘nt('rpris(* at the outset. 

Eighth. The courage of one’s convict ions, in onh'i* to b(^ able to endorse 
every estimate unhesitatingly and imeciuivocally and thus to compel 
clients to liave confidence in the at)ility of th('ir (jiigiiK'c'r. 

A good fundamental rule for th(5 j)reparation of any estimate is not to 
try to round out to too great an ext(*nt c\‘ich item of expc'iise, or to increase 
it for contingencies, but to add a g(‘neral item of c()nting('nci(\s at the (*iid. 
Of course, one should not rr»cord the result of the cnh’iilations for any item 
with ridiculous accuracy, because that would shake I he clieid/s confidence 
in the business ability of his enginc'cr; l)ut it is easy enough to us(‘ round 
figures for each it(*m without making it includcj any contingent allowance. 
This can bo accomplished by diminishing as well as by augmenting the 
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computed figures for the various items, striking an average for plusses and 
minuses so that the summation will reduce the resultant error to very small 
dimensions. If one adds a contingent amount to each item, he is liable to 
deceive himself in the summation by overloading the estimate; moreover, 
laymen like to see something added to an estimate to cover contingencies, 
and they would very properly look askance at any estimate not containing 
such an item of expense. However, if the contingency amount be made 
too great, the reader of the estimate will think that the engineer did not 
know his business, and that ho was trying to cover his ignorance by a 
largo allowan(!c for the cost of the unknown. What percentage should 
properly be added to an estimate for contingencies will d(?pend entirely 
upon the character of the construction and th(; probable difficulties to be 
encountered. For instance, in the case of a viaduct over a dry gorge in a 
well populated district when; there arc ample facilities for transportation 
and where the labor i)roblein cuts no figure, the contingency allowance 
should be small— jx'rhaps as low as two or three per cent; but in the case of 
a bridge; ovct a dee^f) and rapid river, with foundations far below the river- 
bed and at a place distant from civilization, it should be high, say from 
five to t(;n per cent. The author considers the latter figure to be the 
extreme limit for contingencies in good engineering practice; for any larger 
amount would indicate ('ither that the engineer had not the proper data 
or that he was timid or inexperienced. The experienced engineer will not 
determine the amount to add for contingencies by either guess-work or 
snap-judgment; but Avill go through his entire list of items of cost and will 
consitl(T each item s(‘parat(*ly, so as to decide whether it contains an 
c‘l(;ment of uncertainty, and, if so, about how much should be allowed 
th(;refor, summing up all such allowances and perhaps adding a trifle for 
the; absolutely unknown in order to obtain the general item. 

The following is a list of itc;ms of expense that Avill aid one in figuring 
the total cost of any bridge project. It is as complete as the author can 
make; it, nevertludess he Avould be loth to guarantee that it (contains (;very 
possible item for any case that may arise. It is understood that no par- 
ticular proje(!t will r(;quire all of these items. 

Preliminary Expenses 

1. Organization of the company, including lawyers' fees, state charges, 
and all small (;xpenses such as typewriting. 

2. Preliminary surveys and the plotting of the data accumulated 
therefrom. 

3. All other preliminary engineering work. 

4. Obtaining approval of plans by the War Department. 

5. Drafting of complete; detail plans and the specifications preparatory 
to construction. 

6. All expenses connected with raising the money to build the proposed 
structure. 
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Substructure Constmction 

1. Mass of cribs and caissons in place. 

2. Mass of pedestals in place. 

3. f oundation piles in place. 

4. Concrete or masonry in shafts of piers, pedestals, and abutments. 

5. Coping stoiH's for piers, pedestals, and abutments. 

6. Steel or stone protection for piers against ice. 

7. Steel shells for piers. 

8. Rip-rap for piers and abutments. 

0. Mattress work for pier protection. 

10. Earth and rock excavation. 

11. Back filling. 

12. Reinforcing metal for concrete. 

13. Removal of old bridge. 

Superstructure Construction 

1. Superstructure metal delivered at site. 

2. Floor timber delivered at sitc^. 

3. Rails and their attachments delivered at site. 

4. Hand-rails delivered at site. 

5. Falsework. 

6. Maintenace of traffic. 

7. Erection of metalwork. 

8. Painting of metalwork. 

9. Framing and placing of timber. 

10. Laying of rails. 

11. Pavement, including base therefor. 

12. Operating machinery of all kinds. 

13. Machiii(‘ry house and shelter house. 

14. Electric lighting. 

15. Counter-weights. 

10. Toll house. 

17. Conende*. 

18. Reinforcing m(?tal for concrc‘t(\ 

Approaches 

1. Clearing and grubbing of right of way. 

2. Earthwork, including ditches and off-take drains. 

3. Track on embankment, including ballast. 

4. Frogs, crossings, switches, and signals. 

5. Interlocking ai)paratus. 

6. Culverts and tile drains. 
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Protection Works 

1. Mattress work. 

2. Dykes. 

3. Draw protection or fenders. 

4. Cluster piles and their chains. 

5. Booms. 

6. Lights. 

Geywral Expenses 

1. Interest during construction. 

2. Legal exi)enses. 

3. flight of way. 

4. Property damages. 

5. Engineering. 

0. of offices and other buildings. 

7. Travelling expense's. 

8. Salarie's e)f aelniinistrative e)fficers and all other similar expenses, 
exelueling enginee'ring. 

0. Supplies of all kinels. 

10. Insuraiie*e» against aceielent and fire. 

As an exarnjile of how approximate estimates of cost should be prepareel, 
the autlior offe'rs the* feillenving example freim his practiere. In May, 1907, 
he‘ was eralle'd in by Mr. Eelwarel C. Crow, forme'rly Atteirniy-Cle'neral for 
the* State' eif Misseiuri, te) give* ('videnice in a lawsuit as to what it woulel 
tlu'ii ce)st te) re‘j)lae*e the* iOaels and the MiTchants^ brielges of St. Louis 
with strued-uri's de^sigiienl to carry inodeTU live loads. Be'fore' giving his 
evidi'iice* he' ])re'pare'el a r('j)e)rt e'mbeidying the estimate's requirc'el, and 
this was rece'ive'el without que'stion e>r ee)mme'nt by the attoriie'ys. The 
feillowing is a ve'rbatim copy of the saiel re'port: 

“Kdwanl C. Crow, Ksq., 

St. fiouis, Mo. 

Dc'jir Sir: 

On tlio 1.5(li inst. yo\i roejue'ste'el me* to pre'pare' for you as acriirate* estimates as 
IM)s.si))l(* of whal it would eos! to replace llie Kads and the Merchants’ bridf^es with 
iiUMltTii structures d(\sifrii(i(l to carry naxlern live loads of the same teenc*ral character as 
the>se supt)ortiMl by the exi'^tinR strueturi's, and usinj 5 current jiriec's of inaleTials and 
labor. In the cast* of the hi;ids biulge*, you pn'ferrenl to have iiu' figure on simple' .spans 
rathiT than i.pe)n arches like* those ejf the' pre'se'iit structure'; and you elesireel me not to 
e'liiploy any timbc'r tre'stle' but te) fwle)pt in.ste'ael c'ither .stee'l trestle e)r e'arth e'mbankinent. 
In e)the'r weirds, you wish me^ te) estimate e>n pe'nnane'nt construction. 

Inunc'eliate'ly after re'ex'iving your instructie)ns 1 pre)e'ureHl a small se'ale plan anel pro- 
file* e)f e*ach of the* bridges, tht'ii maele a perseinal e'xamination of the Eaels brielgc anel its 
approac'hc's, anel cone;lude'd arrangeme'nts te) have? maele feir me the next elay and sent 
by wires the noe*e's.sary me'asuivments of the appmache's to the Mere'hants’ brielgc. As I 
pe>s.se'ss a ce)py eif \\'e)e)elwarers be)ok e)n “'fhe 8t. Iie)uis Mrielge/' anel as years ago I was 
inte'n'stiMl in the' pre‘paratie)ii e>f enie e)f the e'eiinpet itive plans fe)r the Mere'lianis’ bridge, 
1 soon accuinulateel ample; data for preparing the recpiircd estimates. Moreover, as 
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you kuow, my firm has lately made a number of estimates of cost for the proposed 
'‘Fnn* Bridge* ’’ at both (^ass and Chouteau avenues, consequently wc have at hand all 
the latest schedule prices for the materials that would enter into the construction of 
Mississippi River bridges at St. Louis. 

The live loads adopted for the estimates were taken from the specifications of my 
De Pontibua, Class U being used for the railw'ay floor, Class B for the wagon floor, and 
Class C for the footwalks. For the street raihvay fliMir system a continuous line of 
eighty-thousand (S0,(K)0)-pountl ears on each track wjus employiHl. For the trusses there 
w'as adopt eil a combination of a C^lass U loail on each railway track, with street railway 
cars, heav>' vehicular traflie, and pcilestrians on the other floors. The entire area 
covereil by the roadways and tin* street car tracks (including the spa(;es between the 
tru.sses) and the sidewalk areas W(*re assumed to be floonnl with steel buckled jdate 
coveretl with a thin layer of asphaltic concrete, on which rest the wooilon paving blocks 
and the asphalt sidewalks. In case of doubt about the exact cost, of any W’ork, I have 
been liberal in my as.suinption — for in.stance, in figuring the co.st of (*mbankments, not 
knowing where the (*arth could be prociircMl, I have allowed forty (40) cents per cubic 
yard, although thirl ^--five (Ilo) cents w’ould probably sullice. 

The most, important of the sclu'diile rates that I have used arc^ the following: 

Carbon steel supcTstructure for river spans erected and painted, four and three- 
quarters cents (4.7oc) pi*r pound. 

Ditto for steel approaches, three and eight-tenths cents (3.S(0 per pound. 

Railw’ay wood(*n floor and rails, four dollars ($4) pf*r lineal fool of single track. 

Creo.soted block pavement for roadways, two dollars (!f‘2) ])er scpiarc* yard. 

Asphalt pavement for sidewalks one dollar (SI) p(»r square yard. 

Mas.s of cribs and caissons of piers in place, eight (*(*n dollai-s (SIS) p(*r cubic yard. 

Concrete shafts of piers in place, tw’elve dollars (S12) pt*r v.\ih\v. yard. 

Limestone facing stones in placi*, tw'enty dollars (S20) per cubic; yard. 

Granite cofiing stones in place, thirty dollars ($30) jx'r cubic yard. 

Excavation for pe<l(»stals, fifty cents (.50<;) [ler cubic yard. 

Concrete for pedestals, eight dollars (S*S) per cubic yard. 

Pile.s in jiljice, sixty cents (fK)e) p(»r lineal foot. 

Earth embankment, forty cents (4()c) per cubic yard. 

Railway track on embankment, including ballast, four dollars (S-1) per lineal foot of 
single track. 

For the cost of shore protection, right-cjf-w'ay, and jiroperty damages, not having 
any data, 1 had to use; iny judgment; but I believe 1 have b(»en liberal in making allow- 
ancc.s for these items. 

Please note; that in estimating the co.st of right-of-way I a.ssume»el values ayiiiroximat- 
ing to those c^xisting at the dates when the bridge's w'e»re built, anel not tlieise ruling 
to-day; as this appe;ars to me to be the; faire»st pract ie*able* assuinptiem. 

The ejo.st ejf engine*e‘ring I tewk at the .stanelarel rate of five (5) per cent e)f the; teital 
cost of cornpleteel structure*; anel 1 maele; an eepial allowane:e feir the; e*ost of (inane*ing, 
interest during const ructiem, and arlniinistratie>n. 

On the pmeeding basis iny estimates of total e;o.st are as follows: 

Kads Bridge 


One FtrjO' span at .S7f)() per lin. ft .Ml 8,000 

'Pwo .'i34' spans at $745 pe'r lin. ft 70.'»,t»()0 

Twei 237' spans at $470 per lin. ft 222,780 

Pier \o. 1 11,(K)0 

Pier No. 2 40, OCX) 

Pier No. 3 11H,(KK) 

Pier No. 4 141, (XK) 

Pier No. 5 133,000 
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Pier No. 6 51,000 

Ooinbiiicd railway and wagon Irostlc, 1,350' at $250 337, 5(X) 

Highway trcjstle, 1,250' at $150 187,500 

llailway Ircstlr, 1,250' at $102 127,5(K) 

Short span, 50' at $70 3,5(X) 

Four (4) abiitinonts, say 60,0(M) 

lOinbankiiunits, 200,0(K) cu. yds. at 40c 80,(XJ0 

'Kracks on ombankiiicmts, 3,200 lin. ft. at $4 12,8(K) 

Shoi’c protcHition, say 25,0(K) 

Hight of way and property damages, say 1(X),000 


Summation $2,865,240 

]<]nginccring, financing, interest, and administration, 10% 286,524 

Grand Total Cost of Structure $3,151,764 


As a check on the preceding total cost, I beg to state that Waddell and Harrington’s 
est imate for t.hc cost of a similar structure at Chouteau Avenue, without any allowance 
for financing, interest, and administration, w'as $3,(X)4,(XK). Adding five (5) pcT cent for 
Ihc'se ornittcMl itciins would make the total cost about $3,150,000. This is an unusually 


close coincidence. 

Meiwiiants* Bridge 

Thrc'c (3) spjins of 517 ft. each at $445 per lin. ft $600,105 

Piers No. 1 No. 4 at $(i5,tXX) (»a(!h (averagtO 130,(X)0 

Piers No. 2 & No. 3 at $83, (XX) eacli (av(‘ragc‘) 1()6,(XX) 

Steel trestle, 3,160 lin. ft. at $116 per lin. ft. (average) 366,560 

I’^ive (5) short spans and their four (4) iiedestids 58,t)(X) 

Ten (10) abutments 138,(X)0 

l^arth embankments, 640, (MX) cu. yds. at 40c 25f),tXX) 

Track on same, 17,4(X) lin. ft. at $4 60,600 

Shore protection, about 1.'),(XX) 

Uight -of-way am I i)roi)erly damages, say 50, (XX) 

Summat ion $1 ,1)30,355 

lOnginecTing, tinancing, intiTCst and administration, 10%, 103,035 

Grand Total (.’ost of Structure $2,133,21K) 


As a cheek on a portion of the jireceding figures, I would state tliat llie contractor’s 
price for the three* (3) main spans, four (4) main piers, and the eight hundred and fifty 
(8.50) fe(*t. of steel trestle which was built at the same time as tlie main spans, w'as a 
little? le*ss than erne million anel se*ve*nty themsanel eleillars ($1,070,(XX)). This figure W'as 
te*nelere*d e»n the work by the* unsuce;e*ssful biel<l(*r with whom 1 was then ti'iiipeirajily 
associate*d. 

The e‘orre‘sponeling figure take*n frenn my pree*e*eling e'stimate of ceist is one million, 
eighty-four thousand, se*ve*n hunelre*d and nine*ty-five* dollars ($1,084,705). 

The*n? is one* important pe)int in cemneetieni with my figure's to which I desire to 
call your atte'iition, viz., that while*, bee*ause of the assumption of moelern live loads, 
my e*stiniates eif cost. e)f superstructure wenilel be higher than the pre*se'nt values of the 
e*xisting supe*rstructure*8; on the either hanel, my elesigns for substructure, w’hile just 
as giKMl in ('very parti(?u1ar, are ele*cid(Hlly more ecemoniic than tliose for the existing 
bridge's. TIu'se two variations le*nd to balance each eithe'r, he*nce the close check in the 
case of the Merchants' brielge. 

Very respectfully yours, 

J. A. L. Waddell, 
Consulting Engineer,** 
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While it is impossible to give aociirato schedule costs of all the materials 
and labor in bridge construction l>ecause of their variation from tinw? to 
time and on account of the different conditions at different locations, the 
average figures in Table o7u, which an* based on the current American 
prices for lOlo, may Ik* of some :issistance in making ai)proxirnate (\stimatc*s 
of cost of bridge's and tlu'ir a])i)roaclies. Th('S(' figure's are' not, to be* use'd 
for re'infe)rce'd e*e)!ie*re't(' brielgc's, be'cause the)se cemstructions are* so funda- 
mentally iWTrrrnt from all other kinels of brielges as to warrant their 
re'ceiving a se'parate* tre'atirie'nt in respee*t to estimating on their cost. On 
this ae"e*e)unt tlie* elissertation thereon whie'h follows latc'r has Ix'em made 
semiewhat elaborate; in rc'spc'e't to eletail. 

The eleterminatiem of the unit costs fe)r the various pe)rtions of a rein- 
forcexl cone'rete strue'ture is quite* a elifficult matte'r, e)wing te) the; great 
variation in certain e)f the most impe)rtant factors. Ace'urate* value's can 
be gotte'n only ))y estimators wlu) are thoroughly familiar with every 
eletail of construction work; but re'sults suffie*iently close* fe)r preliminary 
estimates can be* se'eaire'el much more easily. I'lie* me)st satisfae'te)ry be>ok 
on this subje'ct that the author has hael ex'casion to c'lnploy is ‘‘(\)ncre'te 
Ce^sts,” by Taylor and Thompson. W'hile that tre'atise is best aelapte'd 
to making C'stiniates e)f e*ost eif building eonstructiejii, it will be* founel of 
great value for bridge's as well. It will be* sufficic'iit for an engine'er^s 
preliminary c'stimate* te) assume* the cone'rele* in place in the* varie)us ])or- 
tieins to ce)st se) niue;h pe'r cubic yarel, the* steM'l in plac'e* so niue*li pe'r pe)und, 
anel the; hanelrails so much pe'r linc'al fe)e)t, the value's la'ing take'ii as ae'eai- 
rate;!}" as the; knowle*elge e)f tlie* estimate)!’ will permit. Othe'r ite*ms, which 
are ne)t peculiar to re'infe)rceel ce)ncre*te bridge's, will also have; to be; ce)n- 
siele'reel. A ce)ntractor’s e'stimate*, he)weve'r, shoulel be* base'd upon a ele;- 
tailed study e)f all of the; ce)nstructie)n pre)blt*ms involve'd. 

The principal ite'ins which c'liter into the e'e)st e)f a cubie; yarel e)f e'e)n- 
cretc are; excavation, materials, mixing anel placing, and false;work anel 
forms. The; chie'f e'le'inents e)f ce>st fe>r the reinforciing ste;e'l are the cost 
of the steel itse'lf de;live*rc'd at site anel that of beneling and placing. Proper 
allowance must also be made feir overhead expenses, incidentals, and profit. 

Exe'avation is frequently e;harged against the substructure ceine'rete; but 
it is better practice* to ('stiinate* it .scparate'ly, exe'ept in the case of large*, 
river piers sunk by the pneumatic or by the; o|K'n-dreelging proe*ess. Whe*re 
conditions warrant, excavation should be* separate'd into different classe*s, 
as firy, we*t, rock, etc., de;pcnding upon tlie nature e)f the mate*rials te) be 
encounte.'rexl. The de*terniination of this item of cost is not diffie'ult, pro- 
vide;el there is no considerable amount of rock to be r(*me)veel, which is very 
seldom the case unless it be l)a(lly disintegrated, as it was in the founda- 
tions of a numl)er of l)ridges and trestles of the author^s along the Frase*r 
River in British C'olumbia. 

The e;ost of the materials for a cubic yard of ce)ncrete can be easily 
computed, as soon as the prices of the cement and of the aggregates and 
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the proportions of the mixture are known. The cost of mixing and plac- 
ing the concrete, while somewhat variable, is but a small proportion of 
the total, so that a sufficiently accurate value of this item can be obtained 

TABIjIO 67« — Unit PairEs for EsTiMATixfi 

Items Least Cait | Greatest Cost j Average Cost 

Mfuss of pneumatic (caissons and | 

their cribs, in place $10 per cu. yd $22 per cu. yd. $1S per cu. yd. 

Mass of opeiiHlredgiiifr caissons 

and their cribs, in place ... $13 per cu. yd. $10 per cu. yd. $15 per cu. yd. 

Mass of foundations for pile 
piers and abutments, exclud- 
ing jiortions of pih^s below 

base I $12 per eu. yd. $18 per eu. yd. $14 per cu. yd. 

'Fimber pih'S below b:ise ; 3ric per lin. ft. $1 per lin. ft. .^)c per lin. ft. 

(Jut-off ends of piles. 10c per lin. ft. .30c per lin. ft. 15c per lin. ft. 

Mjiss of foundat ions of piers and 
abutiiKMits plac(;d by coff(T-| 

<lains $0 per cu. yd. $17 per cu. yd. $12 per cu. yd. 

Concrc*le in shafts of i)iers,! 

peih'stals, an<l abutments. . . . ! $7 ptT cu. yd. .$13 p(*r cu. yd. .$0 per cu. yd. 

(Iranitoid ‘ $12 per cu. y<i. $20 p(T cu. yd. $15 per cu. yd. 

(^mcr(4e ])ih*s, in place ' $1 p(T lin. ft . $1.00 p(*r lin. ft. $1 .30 per lin. ft 

Einst class in:i.sonry of linie-j 
stone or saiui.stone with con-i 

Crete backini^ .* • i ^ P*'** 

First class masonry of granite, 

with <*oncrete ba(*king | $15 per cu. yd. .$25 p(*r cu. yd. $18 per cu. yd. 

(Iranitc copings with (|uarry| 

fac(\ in place* 1 $1S per cu. y<l. $30 per eu. yd. ; .$22 per cu. yd. 

Steel .shells in jjlace* 4(! per lb. Oc jmt lb. j .5c per lb. 

Ilip-rap in place $1 per cu. yd. $4 per cu. yd. | .$2 jmt cu. yd. 

Mat t H'ss work 12c per sq. ft. 2.5c p(T sq. ft . | 18e i)er sq. ft. 

Earth exe*avation for founda- ! 

lions, including back filling. . . 35c per cu. yel. $1.25 per e-u. yd. ' 00c i)er cu. yd. 
Kock excavation for founda- I 

tions $1 per cu. j'd. .$5 per cu. yd. ' .$2 per cu. yd. 

Earth embankment 25c per cu. yd. (iOc per cu. yd. 4.5c per cu. yd. 

Heinforcing for conende .$3 per cu. yd. .$5 per cu. yd. $4 per cu. yd. 

Superstructure metal f.o.b. cars| 

i’it t.sburg * 2.0c p<‘r lb. 2.0e per lb. 2.3c per lb. 

Yellow pine timber deliven*d 

jit site $10 per M. $35 per M. $25 per M. 

Kails of ordinary size f.o.b. 

(rars Kit tsburg $2S per gro.ss ton $28 pc*r gross ton $28 p<*r gross ton 

J<]n*clion of metal, including 

falsework 0.0c pcT lb. 2.0c j)er lb. 1 .Oc pcT lb. 

Framing ami placing of tinil)er. . $9 per M. $15 per M. $12 per M. 

Field painting of metal work, 

2 coats, including paint O.OSc per lb. 0.1.5c per lb. 0.10c pcT lb. 

Laying of track 12c per lin. ft. 20c per lin. ft. 15c j)er lin. ft. 

Keinforce<l I'oncrett* base? for 

pav(‘’n4'iits $2 per sq. yd. $3 per sq. yd. $2.40 per sq. yd. 

Plain con(;rete paving base on 

cmbankimmts $1 ]wr cu. yd. $7 per cu. yd. $5.50 per eu. yd. 

Asphalt pav4*ment , (excluding 

ba.se $1 per sq. yd. $1.30 per sq. yd. $1.10 per sq. yd. 

(JreosotcMl block pavenuait, ex- 
cluding base $2 per sq. yd. $3 per sq. yd. $2.50 per sq. yd. 

(Jreosoting timber $10 per IVI. $25 per IVl. $20 per M. 

Waterproofing, 2 ply 5c, per s(|. ft. 10c p«T sq. ft . 8e per sq. ft . 

Waterproofing, 3 ply 10c. per scj. ft. 15c per sq. ft. 12c per sq. ft . 

Waterproofing, 3 ply and mastic' 15c per .sq. ft. 25c per sep ft. ISc per sip ft. 
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without serious difficulty. The cost of the forms and falsework is one 
of the largest items in a job; and it varies so much in different cases that 
even reasonably correct results can be reached only by making a com- 
plete outline of the method of constniction. It is the variability of this 
item of cost that makes the esthnating on reinforced concrete work such 
a difficult matter. 

The cost of steel delivered at the site can be easily determimid. The 
cost of bending and i)lacing it, however, is quite variable; but it is never 
a large factor in the total cost. 

''riie expense for handrails is larg('ly a matter of form cost, and is in- 
fluenced greatly by the elaborateness of the design. While (juite variable, 
it usually forms but a small i)roportion of the total cost of the structure. 

The cost of oth('r items will not differ greatlj'^ fnan those for steel 
structures. Structural and cast metal may run soiiuavhat high, however, 
unless large amounts are used. 

In what follows tluTc will be given notes, tabh^s, and diagrams for 
use ill preparing preliminary estimates. 

Figs, lua and 576 can be used to find the cost of the mati'rials for a 
cubic yard of concrete wh(*n the costs of tlie ci'inent and aggn'gates arc 
known. In making up thes(^ figures, the amounts of (jement, sand, and 
broken stoiK? or gravid for one cubic yard of concndc' givini in Table 576 
were employed, a barrel of cement being considered to contain four cubic 


TABLE 576 

Amount of Matkrials Requikkd for One Cuuic Yard of Oo.nc’uete 


Coarse Aggregate 


Troportions by Parts 


Coiiii'iit, barrels 

Sand, cubic yanls 

Broken stone or gravel, cubic yards 


r Broken Stone - 

Graded Gravel — 

1 iBVv 

Voids 

35' o 

Voids 

l| 1 

1:3:5 

1 

' 1:2:4 

1:3:5 

li ! 

|l l-M 

! 

1.10 

i.as 

1.00 

j' 0.45 

0.52 

i 0.41 

0.47 

; o.so 

1 

O.SO 

0.S2 

0.79 


feed. To utilize thesi’i diagrams, it is necessary to (uiter at. the sid(‘ with the 
cost of cement per barrel, trac^c horizontally to the diagonal line for tho 
cost of the sand per cubic yard, then v(Tti(;ally to the diagonal line for 
th(^ (;ost of the broken stone or gravel per cubic yard, and then horizon- 
tally to the side, where the cost of all the materials pin* cubic yard of 
concrete is read directly. The; lines to be followed when eeiiKUit costs 
S1.5() per barrel, sand 80 cents per cubic yard, and brok(»n stone* or gravc'l 
$1.20 p(*r cul)ic yard, are indicated on tlie figures. These; thre;e unit costs 
represeait fair av(;rage valuers for a number e)f jobs designc;el l)y the; au- 
thor's finn, and can be iiseei for preliminary e*stiniate!s when ne) prie^es 
are at hand. The prevailing price of ccme;nt can always be obtained, 
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however, and it will rarely be advisjible to omit looking it up. To this 
there should be added tlie freight rate, and also about ten cents per bar- 
rel to cover the cost of unloading, etc. The costs of the aggregates are 
not so important, although they should be obtained when possible. 



If materials have to b(» handled by wagon for some distanee, the prices 
will have to be iiicreascMl. Estimate's should be made on the assumption 
that brokc'u stone will be used unless it is known positively that well- 
gKuled gravel can be obtained. The curvi's cover the extreme ranges of 
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prices of materials that may be expected. Prices of cement arc given in 
Erujineering News tlu^ first of each month. 

Th(‘ cost of mixing and placing concrete Avill vary in extreme cases from 
50 cents to $2.50 per cubic yard. On large jobs (say 10,000 cubic yards) 



und(T average circiirnstarKies it mjiy be expect ( hI to run about $1 per (Mibic 
yard, and for somewhat smaller jobs $1.50 jut caibic yard. For jobs 
containing less than 1,000 cubic yards the cost may go as high as $2 
per cubic yard. These figures include a proper allowance for the cost 
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of the plant, liability insurance, overhead expenses, and eonting(Miei('s, 
but none for profit or wastage. 

The costs of forms and falsework are so variable that it is not worth 
while to attempt to give extended figures therefor. On page G of “ Concrete 
(^osts” it is stated that the costs of mat(;rials and labor for girder bridge 
forms will run from 5 to IG cents per square foot of contact area, with an 
average value of 12 cents. The tables given on pages 7 and 8 of that 
treatise can be employed to advantage in some cases. These figures, as 
before, include an allowance for plant, liability insurance, overhead charges, 
and contingcnci(is, but none for profit. 

The cost of reinforcing steel delivered at site on cars or boats is the 
sum of the price ejuoted f.o.b. cars at Pittsburg plus the freight rates. The 
former of tliesc; items can ])e obtained from Entjineerimj News the first of 
each month, and the freight rates to a number of points (;an be gotten 
from the same sources Rates to inland points should always be ascc'rtained, 
as they may run high. It should bo notcnl that small bars cost more per 
])ound than larg(* ones. A fair av('rage price for nunforcing steel delivered 
is 2 c(mts ]K‘r i)ound for ))ars i inch in iliametcT or greater, and 2)^ cents 
for small(T bars. If tlu' bars must be hauled b}*^ wagon for some distance, 
this fact should be allowed for. 

Th(» cost of unloading, storing, bending, and plaeing reinforcement may 
b(» taken at about 0.7 cents p(T t)oimd as an av(‘rag(‘. Th's figure makes 
an allowance for all overlauid exi)ens(*s, l)ut none for profit or wastage. 

Th(‘ cost of shallow (*arth excavation in tlu' dry, including that of 
back-filling, will be about 50 (rents pcT cu. yd. of earth. DcM'p (^r under- 
wat(T work will cost $2 to S3 per cu. yd. of (uirth n'lnovcnl. Rock ex- 
cavation will vary from $1 to $3 p(T cu. yd. of nxrk nunovc'd. 

In onh'r to make* an allowance* f(jr profit, wastage, and homc'-office 
ex])enses, aft(*r having ])rovid('d adequat(‘ly for all overhead exi)ens('s and 
contingencic's, an addition of t(*n (10) to twcuity (20) p(*r ccuit should be 
made to th(r unit costs of both materials and labor. A fair av(*rag(r allow- 
ance is fift(?en (15) p(?r c('nt. 

In Table 57c are givcui the maximum, minimum, and average prices 
for various materials delivered at site, taken from the records of the re- 
inforced concrete bridges which have been designed by the author's firm. 

TABLE 57c 


Costs of Matkkials for Reinforcei) Concrete STurcTmES, Delivered at Site 


Material | 


Ran CO 

1 

Avc*rag [0 

C(Rnont., per b:nTcl I 

$0 

00 

to 

2, 

10 

* 1.50 

8(111(1, per cubic! yard 

0 

50 

to 

1 

50 

O.SO 

Broken stone, per cubic yard 

0 

(O 

to 

2 

.(X) 

1.20 

Gravel, ])er (!ubic yard 

0 

75 

to 

2 

.00 

1.20 

ReinforcinR bars, J'i'-iiicli and ovct, pcT ]M)und.. . 

j 1 

. 5 c 

to 

2 

.8(! 

2c 

lieinfoTcing bars, iiiidc'r *4-inch, per jiouiid 

i 1 

Gc 

to 


05 c 

2 . 25 c 

Btriiciural stc(‘l, p(*r pound 

•j 

. 5 c 

to 

4 

. 5 c 

:L5c 

Castings, per pound 

2 

. 5 c 

to 

5 

.Oc 

:L5c 
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Tabic 57rf presents similar inforiiiatiim rcRanlinff the unit prices paid by 
his clients for materials in i)lacc in coin])let(Ml striietun's. 

TABLE 57/Z 

Cost of Matekials fok RKixFOHrEo Concuete Stkfc’titkes, in Place 
1:2:4 Concrete Us(h1 


Uangp 


Avprai^ 


Concrete in pii*r and column ])as(*s, per cii. 3 'd 

Concrete in pier and column shafts, per cu. yd 

Conen'te in main j^ir<I(Ts, p(T cu. ytl 

Concrete in cross jjirders and <*aiililever beams, pt‘r cu. 

yG.. 

Concrete in fascia pirdiTs, etc., pcT cu. yd 

('oncrel(* in slabs, per cu. yd 

(^Hicrcte in arch rinps, ptT cu. yd 

Concrete in stairways, p(*r cu. yd 

Concrete in retaining walls, per cu. yd 

Handrails on hriilpc, per lin. ft 

Handrails on stairways, p(T lin. ft 

RcinforciiiK stec‘1, and over, per lb 

Heinforcinp steel, undiT 

Structural .stec'l, per Ib 

Cast inps, pcT lb 

Wrought-iroii drain pipes 


.8S, 

.00 

fo 

$11. 

50 


a 

(M) 

to 

12. 

()0 

11. (X) 

10 . 

.r )0 

to 

lo. 

(K) 

13. (X) 

10 

.'>0 

to 

15. 

(K) 

13.00 

11 . 

")() 

to 

10. 

(X) 

14.00 

a. 

4)0 

to 

15. 

(M) 

12.50 

12 . 

e)e) 

to 

17. 

00 

13.. 50 

!.■> 

(M) 

to 

30. 

(M) 

20. (M) 

a 

(M) 

to 

15 . 

(X) 

11 ..50 

2 

00 

to 

5. 

(X) 

3.eX) 

‘> 

.■>() 

to 

0. 

(X) 

3.. 50 

2 

,‘)C* 

to 

-If 


3(! 

2 

()(• 

to 

4. 

25c 

3 . 25c 

4( 


to 

Or 


5c 

3. 

.")(• 

to 

7(1 


5(5 

le 


to 

8c 

Gc 


The unit prices in this latter tnble include* all (‘xp(*ns(* items of (»very 
sort. The corres])()inling costs of the materials tl(*livf‘r(*d at site arc' those 
given in Table 57<‘. Tlie tiv(*nige cost of mi.xing and phicing concrete* for 
these jobs was about Sl.oO i)c*r cubic yard, and the* av(*rage ccM of ma- 
terials in the concrete, by Kig. 57u, was about So. 70, so that the avc*rage 
cost of materials, mixing, and placing was about 80 . 20 . Adding If) jmt 
cent for profit and wastage, this item becomc's .So.OS, say 81). The* avc'ragc* 
value's given in Table oTe/ can be used ordinarily, modific'd for the difTc*r- 
(*nces in the* cost of matc*rials. Thus, if for any job cemc*nt costs Sl.SO 
pcT barrel, sand 81 pc'r cu. yd., and broken stone* 81. oO pc'r cu. yd., and the* 
co.st of mixing and jilacing is .82 per cu. yd., the avc*ragc* unit costs for 
concrete in place* shoulel be* incre*ase*d by l.lo ( l.oO + 2.00) — 8l).00 = 
§1.47 pe*r cu. yd. In a similar manne*r, if fe>r any job the* price* of re*infore?- 
ing steM*l incli ejr larger is 1.2.'> eM*nts f.o.b. cars at I^ittsburg, and the* 
freight rate is 0.30 e*ents, the* cost eif the stc*e*l in place* will be* l.I.o (1.2;) + 
0.30 + 0.70) = 2.r)0 ce*nts. 

In preparing prc'liminary estimate's ejf cost eine* shenilel be liberal but 
not e.xtravagant; for clients will re*aelily feirgive an inae*curae;y by which 
they save inonej}",' but the*y will re*member unfaveirably for a le)ng time an 
enginee;r wliose e?stiinate\s have been mate*rially e;xcee*ele;el by the actual ce)st 
of the work. The're arei certain alle)wane*(*s feir extras that sheiulel always 
be made; fejr instance, pe*miissible cixcess in w(*ight eif metal, which amounts 
to from one to three per e;ent, accoreling to the ediaracter of the ceinsiruction; 
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loss or destniction of rivets and bolts during crecition, amounting to fifteen 
or twemty per cent; waste of timber from dn?ssing and cut-off ends; and 
waste of piling from botli cut-off ends and injury in driving. 

Kvery estimates madci sliould be carefully checked and counter-checked, 
pn^fcrably l)y anoth(^r (iomi)utcr. '^llie errors of most common occurrence 
are those of omission of items, or from failure to multiply or divide certain 
figures l)y two, or the counting in twice of some item of (jxpenso l)y having 
it inchaled directly and (!over(*d also in some othcT item. These are the 
errors that count, and tlaw ar(^, unfortunately, the most difficult ones to 
discover, l^rrors of aritlnrK^tic can be corrected by anyone, but the 
proper clu^cking of an (‘iigitKM'r’s (‘stimate (lan b(i done only by another 
engiiK'or. 

There is a type of preliminary ('stimate of a most unsatisfactory char- 
acter, whicli, occasionally, a bridge engineer has to make. It is often but 
little b(‘tter than a gm^ss, and as such is objectionaldc to any high-class 
engineer; but his cli(‘nt gcaierally insists upon his making it in spite of his 
j)rotesls. The ref«‘renc(' is to ])r(diminary estimates of cost of l)ridges based 
solely on railroad engineers’ profil(\s and the f(*w data they may contain 
regarding tin* conditions which would aff(‘ct the sul)strii(*turo design. In 
such a case'. th(‘ best way to proc(‘(‘d is to tak(' oik' crossing at a time, 
deteriniiM* as W(*ll as ])ossil)le th(‘ Ix'st average' span h'ligth for it based upon 
the lu'ight of the grade* anel the* insuffie*ie*nt substructure elata (erring, prefer- 
ably, eai the* side* e)f safety in r<*spe*ct te) the said le*ngth), finel frean weight 
curves the e*e)rre's])e)neliiig we'ight of me'tal ])er line*al fe)e)t fe)r the railway 
ceanpany’s staiielarel live* loael, assume the j)ounel prie*e* of the nie'tal ere*cteel 
afte*r taking into e*e)nside'ratieai all the e*eaielition.s that woulel affect it, 
ceanpiite* tlie* e*e)st ])er line*al foed of the suj)e*rstructure*, inclueling the track 
or trae*ks anel tlie* usual alle)wane*e* fe)r engine'eriiig anel inspe*ction, assume 
that the e*e)st ])e*r line'al feied e)f span fe)r the e*ntire substructure is eepial to 
that fe)r the* supe*rstructure* (an erre)r whie*h is generally eai the siele e)f 
safety), anel aelel the twe) te)ge'tlH*r, alle)wing te*n (10) pe*r e*e*nt aelelitieaial for 
cejntinge*ncie*s, ea* more if the* uucertaintie*s inve)lved l)e gre*ate*r than usual. 
The re*sult will ])re)l)ably be abeait right in most e*ascs, but e)e*casieaially it 
will ])re)ve^ te)e) low afte*r the* e'litire* e*e)st e)f the complete*d strue*ture has be*cn 
ceanpule*el. A ne)t une*eanmeai erreir in this e*(ain(*ctie)n lies in the eletermi- 
natieai e)f the* tedal le*ngth e)f struedure reMpiiivel, the te*ndeiu*y eai the part of 
the* railroael e*ean|)any e)fte*u be*ing te) she)rte'n it uneluly. The ceaisulting 
(*ngineer is seani*time*s apt te) e*e)nsieU'r the e)pinie)n of the e*e)mpa’.i3’’s en- 
gineers as inrallil)le, the ivsnlt be'ing that furthe*r investigatie)ii of the 
cre)ssing ne*e*e*ssitates a le*ngthe*ning e)f the st rue*ture. Again, the re)ck shown 
on the railre)ael pre)file is geiu*rally assunu'el as hare! and suitable for founda- 
tions, while* ciuite e)ften the* re've'rsc* ])rove's to be the case. This cemdition 
ne)t only aelels te) the te)lal e*e)st of structure because of t!ie expense for 
excavating the unsatisfactory material, but also increases the total length 
of bridge. 
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The consulting bridge engineer has many other estimates to make than 
those of first cost; for instance, estimates of the cost of maintenance, 
renewals, anti operation; estimates of revenue; estimate's of time required 
for const riicl ion; estimates of how money will be required to pay for work 
as it proceeds, and the interc'st thereon up to the anticipated date of com- 
pletion; and comparative estimates of cost of various methods of con- 
struction for any projected work by taking account of the compound 
interest involved. 

In computing the cost of maintenance, renewals, and operation, one 
should assume a long t('rm of yeai*s so as to obtain a proper average, and 
this length of time should be d(‘t('rmined by the probable date of the most 
important nniewals or repairs; for instance, the n'placing of track or pave- 
ment or the n'liewal of timlu'r approaches. ''FIk' following list of items for 
cost of maint('nauc(‘, renewals, and operation, while possibly not abso- 
lut('ly compl(»t(', will aid oik' materially in pn^paring an estimate of 
this kind. 

1. Painting of metal. 

2. Kenew'al of timber floor or pavement. 

3. Renewal of handrails. 

4. Renew'al of timber approaches or the replacing of them by perma- 
nent earth embankments. 

5. R('new'al or repairing of shore protc'ction. 

0. Uc'iKwval or repairing of <lraw' protection. 

7. R(‘pairs to o])erating machinery 

8. Pointing of inasoniy. 

9. Adding of rip-rap. 

10. Renewal of track rails. 

11. Repairs to ligliting ajiparatus. 

12. Fuel, oil, and waste for operating machinery. 

13. Fuel for heating. 

14. El(‘ctric or other lighting, 

bl. All rents. 

16. Salaries of bridge tenders. 

17. Salaries of track repairers. 

18. Salaries of officers of the bridge company. 

19. Salaries of toll collectors. 

20. Salary of bookkeeper or accountaiit. 

21. 101(»ctric pow(»r for operating opening span or for t mention. 

22. Insurance. 

23. Taxes. 

The estimating of revenue is often a most difficult matter, for on the 
one hand then? is tlie almost unavoidalde desin? to make the best showing 
possibh;, and on the other there is the danger of forgetting some item of 
profit or of failing properly to anticipate future development of traffic. 
If a highway brirlgc; is contemplated for a crossing where a ferry has been 
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used hitherto, it is safe to count upon an increase of fifty (50) per cent 
of the ferry receipts as the probable initial revenue of the bridge. If a 
street railway is to use the structunj, an approximaUi estimate of the travel 
thereon should be made by noting the population on each side of the river 
in the vicinity of the location and learning from investigation of the records 
of toll bridges similarly situated what the annual travel per inhabitant is 
likely to be. The influeiK^e of tlie structure on the increase of population 
should not be forgottem, but this possibility should not be given too great 
weight. Sometim(?s a canvass of th(5 people of the vicinity will aid in 
determining th(^ probable amount of annual Iravc'l p(jr inhabitant, per 
fjunily, or jmt house; but if the jKH^pk^ want the proposed bridge, as is 
generally th(i case, the information thus obtained must b(; tak(‘n aim 
(jrmio salia. Th(^ consulting engineer must not forget that while th(^ 
amount of traffic is pr(‘tty cc'rlain to increase, thc^ toll rales are likc'ly to be 
diminished, and h(^ must remember that with inen^ased traffic come 
in(Teas('d expenses for n^pairs and renewals. 

Possible items of revtauie are the carrying of the mails and express. 
Tel(*graph, teI(?phoii(', (‘h'ctric^ lighting, and i)ower limjs, and pipes for water, 
oil, or gas when carried l)y a. bridge are a source of rev(‘nue — not great, it 
is true, but still W(‘ll worth considering. 

Kstimat('s of th(‘ time' required for comi)letion and of the amounts of 
money for monthly paA'iiUMits, as well as of th(' amount to allow for interest 
during construction, can bc' made with a fair degn'o of accuracy by an 
(‘ngiiK'er who has had wich^ ('xp(*rienc(' in bridge building iiiid in dealing 
with contractors. In estimate's of this kind due account should be taken 
of the favorability of lime of (‘ommencement of fic'ld op('rations, condi- 
tion of the material and labor markets, and the amount of difficulty that 
may be expected in doing the work. A good ('xainple of an estimate of 
this kind is given in ('haptt'r LXX, which treats of “Reports.'^ 

The same chapt('r giv(\s also an examph' ()f comparative ('stimates of 
cost of various proposc'd struct un's when compound interest is consider'd. 
From it will Ix' s('en that tlie ])roper method of ('omparison is tlie ascer- 
taining of what each structure will have cost after the exi)iration of a 
certain term of y('ars, and when all of the structures cornpan'd are in like 
condition as to effieieiu'y and value. Another mc'thod of comparison is to 
reduce all costs to equivalent first costs, sum these' iij) for each case, ami 
compare the results. 

The CY^mpound interest table given in Table oTc will be found very 
useful in making comparative estimates of cost of this kind. 

With compound inb'rest at 3 pcT cent, money will double itself in 23}^ 
years, at 4 p(T cent in 17} 2 years, at 5 ])er cent in 11.2 years, and at (5 
per cent in 1 1.9 years. 

Up to her(% excepting imadentall}^ in the case of n'inforced concrete, 
the subject of ‘‘ Kstimates” has been treated soh'ly from the point of view 
of the consulting engineer, which should l)e identical with that of the 
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niilroad engineer, but there are other bridge engineers than consulting 
ones, and they have estimates to make of a diflerent kind, conseciuently 
the remainder of this chaptt^r will be devoted mainly to their needs. The 
other (‘iigiiKMTs reh'ired to are those of the bridg(' manufacturers and 
erectors; and they outnumber the consulting engineers probably ten to one. 

TABLE 57c* 

Compound Interest Table 

V:iliios of one dollar at conipoiitid in(er(\st, ooinpouiulc'tl yearly, at 3, 4, .5 and 6 per 

(•(‘lit frtHii I to 50 years. 


Years 

3' : 

4', 

5*;. 

6% 

1 

1.03 

1.01 

1.0."> 

1.00 

2 

1 .0009 

1.0810 

1 . 1025 

1.1230 

3 

1.0927 

1 . 1249 

1 . 1570 

1.1910 

4 

1 . 1255 

1 . 1()99 

1.2155 

1.2025 

0 

1 . 1503 

1.2100 

1.2703 

1.3382 

6 

1 . 1941 

l.2(W)3 

1.3101 

1.41S5 

7 

1.2290 

l.:il.iO 

1.4071 

1.50.3C> 

8 

1.200S 

l.HtiSO 

1.4774 

1..593S 

9 

1.30 IS 

1 . 1233 

1 ..5513 

1.0895 

10 

1 .3439 

1.4802 

1.0289 

1.7908 

11 

1.3S12 

1 .5394 

1.7103 

1.S983 

12 

1.425S 

1.0010 

1.79.58 

2.0122 

13 


1 .<M)51 

1 . 8850 

2. 1329 

14 

1. 'll 2(5 

1.7317 

1.9799 

2.2009 

15 

1 . 55<S0 

i.stnm 

2.0789 

2.. 3905 

10 

l.t)047 

1.8730 

2. 1829 

2.. 5 103 

17 

1.052S 

1.9479 

2.2920 

2.0928 

IS 

1.7021 

2.0258 1 

2. KHiO 

2.8.543 

jr 

1.7535 

2.1008 

2.. 5209 

3.02.50 

20 

l.SOOl 

2.1011 

2. (>.533 

3.2071 

21 I 

i l.S(>03 

2.2787 

2.78.59 

3.3995 

22 

: l.Oltil 

2.:ic»09 ! 

2.92.52 

3.0035 

23 

1.9730 

2.4ti47 

3 0715 

3.8197 

24 

2.032S 

2.5C):i3 

3.2251 

4.0478 

25 

1 2.0937 j 

2.0<i58 

[ 3.. 3804 

4.2919 

30 

i 2.4272 

3.24.34 

4.3219 

5.74.35 

35 

1 2.S13S 

3.9100 

! 5..51<)0 

7.0801 

40 

• 3.2020 

4.8009 

: 7.0100 

10.2858 

45 

1 3.7815 

5 8410 

1 8.98.50 

13.7010 

50 

1 4.3^38 

7.l0til 

! 11.0,792 

18.4190 


The engiru'cr of a bridge; manufacturing company is generally called 
upon to estimate only on the cost of metal d(div('n*d at site. In doing 
this he will find the following list of itc*ms of cost to be of service: 

1 . Materials delivered at shops. 

2. Drawings. 

3. Templates. 

4. Laying out the work. 
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5. Shearing. 

6. Straightening. 

7. Punching. 

8. Assembling. 

9. Reaming. 

10. Riveting. 

11. Milling. 

12. Annealing. 

13. Boring. 

14. Forging, if any. 

15. C'asfing, if any, including patterns, foundry work, and machining. 

10. Painting. 

17. Loading. 

18. Freight to site. 

10. (leneral expense. 

The “General Kxpcmsc’’ should include the following items: 

1. Corn'spondonce. 

2. Accounting. 

3. Estimating. 

4. Designing. 

5. Office rental. 

0. Light. 

7. Heat. 

8. Power. 

9. R(^pairs to machinery. 

10. Renewals of machinery. 

11. Insurance. 

12. Taxes. 

13. Rent. 

14. Interest on money invested. 

15. Contracting. 

10. Traveling. 

17. Office supplies. 

18. Unassignaldc labor (such as yard labor). 

19. I^rrors and defects. 

20. SuperintcMidence. 

Each manufacturing company luis a way of its own for figuring the 
general exi)ense, conseciuently in dealing willi tliis matter tlie author will 
proceed no farther, for lie deems that in olTc'ring tlii' in’oc(;ding list he 
has penetrated far enough into the ])rivate alTairs of the manufacturer of 
bridge metal. 

The engineer of the superstructure erector in estimating the probable 
cost of his work will need to include the following items: 

1. All other materials than metal, delivered at site. 

2. Freight on equipment both ways. 
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3. Transportation of men both ways. 

4. Unloading of materials. 

6. Falsework. 

6. Maintenance of trallic. 

7. Removal of old structure. 

8. Erecting. 

9. Riveting. 

10. Framing and placing of timber floor. 

11. Laying of track. 

12. Building of base for pavement. 

13. Paving. 

14. (Cleaning and painting of metalwork. 

15. Removal of falsc^work. 

16. Disposal of falsework. 

17. Repairs and renewals of (‘quipinent. 

18. Su])erintendence. 

19. Contingencies. 

The engineer of the substructure contractor, preparatory to the bidding, 
will need to take cognizance of the following items in making estimates 
of cost:* 


(imeml Expeum 

1. General oflice expense. 

2. Traveling. 

3. Interest. 

4. Legal expense, local taxes, permits, (‘tc. 

5. Employers^ Liability insurance; 

6. Transportation of mem, including th(;ir time while traveling. 

7. Plant n'lital. 

8. Freight on plant — both ways. 

9. Unlejading and installing plant. 

10. Dismantling and reloading pljint. 

11. Maintenance and repairs of plant. 

12. Tools and general supplies. 

13. Temporary laiildings. 

14. Superintendence and local oflice force. 

15. Local offi(;(; cxp(;nses. 

16. Camp expenses. 

17. Fuel and water. 

18. Donations and charities. 


* Those (liitiji for substructan* were fumishocl by Loo Tro;wlwoll, Esq., Mornbor of 
tho Amorician Scjcioty of (’ivil P^nKiiicors and at the time Vico- President and Engineer 
of the Union Brnlgc & Construction Co. 
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Materialis 

1. The cost f.o.b. the job of all materials entering directly into the 
items of the contract. 

2. Tlie cost f.o.b. the job of all materials for temporary construction, 
such as wharves, platforms, staging, fonns, shoring, etc. 

Labor 

1. Unloading and storing materials. 

2. Clearing up site. 

3. lOxcavation: 

a. Digging and hoisting out. 

/>. Disposing of the (ixeavated material. 

c. Shoring. 

d. Pumping. 

e. Uemoving shores and I Kick-filling. 

4. Pile driving: 

a. Handing and d(4ivoring pil(\s to tlie driver. 
h. Driving the pil(*s. 
c. Sawing off n^ad y for capjnng. 
o. Concrete: 

a. Didivering materials from stock ])iles into mixer or onto mix- 

ing platform. 

b. Alixing Ihe conen^te and placing it in wheoll)arrows or in 

])uckets. 

c. Handling concrele from mixer and tamping it in place. 

d. Building and removing fonns. 

r. (4(*aning and pointing up work after forms are removed. 

0. Masonry: 

a. ITnloading and storing. 

h. Handling from yard to derrick which sets stone, 
r. Labor. 

d. Setting, including mixing mortar. 

7. Timber work: 

a. Handling from stock piles. 

b. I'Yaming. 

c. Placing and securing in final position. 

8. Pneumatic C'aissons. 

а. Building caisson and crib. 

б. Launching and mooring. 

c. Sinking. 

d. licvcding U]) bed rock. 

e. Concreting working chamber. 

/. Concreting crib. 
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g. T.ighting. 

/?. Cofter dam and punipinp:. 

?. Building upper shaft of pier. 

9. Yard force, keeping up tracks, shifting plant, carrying tools, water 
boys, and watchmen. 

The method of doing the work and that of being paid will influence 
greatl}' a contractor\s (‘stlmat(‘d cost of Jiny construction. If he be allowc'd 
a free hand as to where to begin and how to carry on the different parts 
of the work, he will naturally figure lower than when he anticipates inter- 
ference in such mattcTs. If the pay is to be regular, in cash, and as full 
as is customary, he will estimate Iowct than when he fears irregular pay- 
ments, or when he has to tak(^ securities instead of cash, or w'hcn the 
percentage retained till comi)l('tion is excessive. 

If the work to be done is for the GovernnKmt, the contractor will have 
to add some fifteen! or twenity per cent to his estimates to allow for r(*d tape, 
guaranteeing of the correndness of the data sul)mitted, slow payments, 
unnecessarily seveni inspection, and the gemeral demoralization of his 
force by disheartening hindrances. Nor is the Govermnent the only 
sinner of this kind; for sometimes railroad engineers, and once in a great 
while a consulting engineer, will make life a burdiai to the contractor by 
unnecessarily severe and irn'sponsible insp(H*tion; consequently the task 
of the contractor\s engineer in estimating tlie probable cost of work is by 
no means an easy one. Again, he cannot help being infliK'iiced by tluj 
amount of competition that is anticipated, although la^ should do his 
best to banish this thought from his mind before starting to prepare his 
estimate. 

There is another kind of estimate that properly belongs elsewhere, 
viz., the monthly estimates prepared by residcait engineers on construc- 
tion. It will be considered in Chapter LX I, which treats of the “ Engineer- 
ing of Construction’*; l)ut it will be proper to make heni a few r(*marks 
as to how the residemt engineer should be governed in arranging for partial 
payments to the contractor as the work progn^sses, for this matter is often 
left entirely in his hands. In figuring the value of tlu; work done and the 
materials furnished, the exact net cost to the contractor should not be 
adopted, but a fair allowances should be made for his gemeral expemses and 
his profit; because? t)efore he is paiel there is always a re?eluction e>f ten or 
fifteen per cent maele from the amounts of the monthly estimate's, which 
difference is retaineel until the completion of the entire? work. If a good 
and sufficient bond fejr the prope?r cemipletion of the) ceintract has been 
provided, as it always shoulel be, there? is no risk in alleiwing the cemtracteir 
fairly full payme?nts on accejunt as the? work prejce?eds. Liberal treatine?nt 
of this kind will keep all coneiemed in good humor and will lubricate the 
wheels of progress. 

In conclusion the author offers this suggestion to all engineers in 
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estimating cost of proposed constructions: “Take every precaution to 
omit no item of probai)lo expense, compute as accurately as possible the 
iunount for each item without adding to it fur contingencies, figure in 
detail the proper total allowance for contingencies, sum carefully all the 
items of expense, cluxik and counter-check your figures in every way that 
you ciui think of, then stand by the resulting estimate with courage ,md 
conviction.” 
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OFFICE PRACTICE 

Nearly two dmidos a^o, when prt‘j)arinp; llu' manuscript of the last 
chapter of I)v J^ontibus, th(‘ author wrote thus: 

“As there has been almost nothing yet written eoneerning llie way in whieh work 
is handled in a consult ing engineer’s office, the author has concluded to close this 
little tn'atise with a chaptcT on ‘Ofliee Practice'; and as no two engiiu'crs pursin* (wactly 
the same methods, and as the author is naturally more familiar with his own than with 
those of oth(Ts, he will deal herein sol(‘ly with the establislu'd imiclice of his own office, 
which ])ractiee is the outcome of over fen years of special (*iTort to secure the best possible* 
n'sulls both expeditiously and economically.” 

The chapter n^femvl to coven*d the autlior’s personal oxperi(*nc(‘ as a 
bridge specialist uj) to 181)7; Imt between that date and July, lOlo, he 
has bt'cn the senior partner of two consulting bridge engineering firms; 
and the amount of professional work done has incrc'ased gri^atly, with the 
conse(iueiicc that the methods of handling oflict' alTairs have liad to be 
modified materially. In the old days it Avas the author’s policy to be on 
terms of intimacy with all of his employees and to direct personally each 
one’s work, looking himself to every important detail so as to ensure the 
correctiK'ss of everything going out of the oflictj. But aft(T the ('stal)lish- 
ment of the first of the tAvo firms refernjd to, tlu* amount of busin(\ss under- 
taktin reached such dimensions that a division of n^sponsibility became 
necessary; and gradually the handling of the drafting office AA^as entrusted 
to others so as to leave the? author free to att(*nd to the Inisiness of the 
firm, the traveling, the general studies of crossings aiul layouts, the ])repara- 
tion of specifications, the general supervision of tla* progn^ss of construc- 
tion, and th(‘ making of pc'riodical visits to the fi(*ldwork. As lime passed 
and as the amount of Avork undertaken continu(‘d to incn^asi*, it becam(^ 
necessary for him to shani some of these dulic^s also with liis j)artn(T and 
tlu? firm’s principal assistant (mgin(*(‘rs; and tluj nMlivision of duties and 
personal responsibilities continu(‘d st(*adily until of la.t(j yc^ars IIkj author\s 
attention has be(‘n d(JVoted mainly to th(‘ higher i)ortions of the Avork, 
including the dealing AA'itli gOA^cTnmemts both at home* and abroad, the 
making of important technical in\'estigations of a geii(*ral nature, the 
pn‘paration of forms and instructions for Avriting specifications and con- 
tracts and for doing other Avork in both office and fi(*ld, and attending to a 
share of the necessary traveling. On this account many of the changes 
in details of the office practice have b(?en eA'olv(*d by his partner and the 
firm’s employ (*(*s; and they" are recorded in the discussion which follows: 
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As the information given in De Pontibm was both sound and, for those 
days at least, thorough. Chapter XXIV of tliat little treatise has been 
employed as a basis in writing this one, by reproducing it with the various 
modifications and additions necessary to bring it up to date. At the risk 
of being tedious to the reader, there is included a mass of office forms, 
instructions, records, etc. Only those who are personally interested in 
offi(‘e-work need to peruse this collection; and, consequently, it is hoped 
that the general reader will not be either bored or displeased by the inclusion 
of such an accumulation of dry material. 

MaKINO and (hlFiCKING C'aI.CULATIONS AND DRAWINGS 
Laying Out Work 

This chapter being confined entirely to office-work, it will be assumed 
at th(^ outset tliat all such field data as jirofiles maps plats of borings, 
etc., have been secured. 

In bridgework it is iK'ccssary to determine the following: 

Firat. The Purpotic for which the Slriictiire is to be L^sed. — This being 
s(‘ttled, tli('r(' ('iisues the fixing of the live load, the spacing of trusses 
or gird(TS, and tht' cU*ar h(»ight above bas(‘ of rail or surface^ of roadway. 

Second. The Clear Height between Standard High Water and the Lowest 
Part of Superstructure. — If the' stream be a navigabh' oik', th(' minimum 
(*l(*arauce will be r(*gula(('d by the n'quirements of the War Department, as 
('xplained fully in Chapter L. In other cases the clear height will depend 
on th(' requir(*d ('h'vation of grade of railroad or roadway, provided that 
tlu' low('st part of the supi'rstructure will never offer any obstruction to 
floating ice or drift (luring th(' highest floods. The minimum ch'arance 
should ])n'f(*rably b(' ten f('et, and iK'ver h'ss than five. Wlu're a low bridge 
is re(iuiri'd over a navigabh* stn'am, the bc'st ty]>e to ('mploy is to be. de- 
tc'riniiK'd as ex[)lained in Chapter XXVIII; and the type seh'cted is to be 
d(\sign('d in accordanct^ with the information given therein and in one of 
tlu^ thr('(^ immediati'ly succeeding chai>ters. Itestrictions concerning both 
v(‘rtical and horizontal clearances for railroads and traffic-ways crossed 
should r(?c('iv(; due attention. 

Third. Best Span Lengths to Adopt. — In many cases there will be no 
choi(!eas to span h'ligths, which are liable to be detc'rmim'd by such condi- 
tions as the n'(iuir(jments of the War Department, obstriu'tion of stream 
by piers, (hmgor from washout during erection, et(!.; but, wh('re the designer 
has any choice in the matter, he should be govi'rned by the principles of 
economy laid down in Chapter LI II, taking care, however, that he does 
not violate any of the iwincijiles of aesthetics given in Chapter LII, unless 
he be forcinl to do so by circumstances that are absolutely beyond his 
control. As stated in Chaptc'r Id II, in stix'l bridges the grc'atest possible 
('conomy will exist when the cost of each pic^r is equal to one-half of the 
cost of the trusses and latoal systems of the two spans which it helps to 
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support. The detormination of these economic conditions is, of course, 
a matter of cut-aiid-try; but after a few trials the economic span length 
can be approximated very closely. In making such calculations the trial 
weights of trusses and laterals can be found from Chapter LV. The 
economic si)an lengths for reinforced concr(?tc bridges, which are generally 
mere difficult to determine tlian those in steel structures, are discnissed in 
Chapter LIII; and diagrams giving quantitic's are to be found in Chapter 
lA’L In n'inforced-concrete arch bridges the span lengths, when not 
determined by ])hysical conditions, should be setth'd by general ('conomi(; 
principles, including the balancing of thrusts so iis to rc'duce to a minimum 
the eccentricities of loading on the foundations. 

The method of determining the layout is discussed very fully in Chap- 
ter LI\"; and the determination of the waterway, in Chai)t(T XLIX. 

Fourth. General Latjout of Structure . — The general layout should consist 
of a profile, a plan, and enough cross-sections to illustrate properly the 
entire substructure, superstructure, and approaches, all being made t{) 
exact scale. For long crossings, a scale of one-fortieth of an iiK^h to the 
foot is the most satisfactor}”, but for short crossings the scale should be 
made larger. The proportioning of the skeleton of the truss(\s should be 
done in accordance with the suggestions given in several of the preceding 
chapters, and the dimensions of the piers should be determined by tlie 
principles establislunl in C'hapter XLIII. 

Each general laj’out should give the following information: 

Borings, low water, standard high watcT, ('xtrenu' high water, lowest 
part of structun*, grade-liiK's, and toi)s of i)i(*rs; lengths of all spans be- 
twe('n centres of end-pins or centres of bearings; distance's betwcM'n 
centres of piers; clear openings for movable spans; vertical clearance* 
above extreme high wateT for lift spans; anel lemgths anel kinds of 
approaches. 

As se3on as the general layout is completeel anel finally aelopteel, the 
computations of stresses anel sizes of members of spans may be begun. 

For ele*vated railroads it is nee^ssary to ele'termine the following: 

A. The number of tracks on the various portions of the line, and 
the clearaneres over streieits and allejys. 

B. Thej live lejael per track to be carricel by the strue;ture. 

C. The location of the line, whethe^r in the streeits or on private 
property. 

D. The style or styles of gireler construction. In seme locations the^ 
city ordinances may reMpiire open-weibbed girelers, as thosei shut out less 
light than do solid-plate girders, while in other locations the plate girders 
would be permissible. 

E. 'I'he locatiem of columns, whether in the strejet or on the curbs, 
also, for location on private; property, the; number of columns per bent. 

F. The economic span l(;ngth. As inelicateel in Chapter LIII, the 
greatest economy will exist when the cost of the longitudinal girders is 
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equal to the cost of the cross-girders, columns, and pedestals. Where the 
columns arc located in the street or on the curbs, due consideration must 
be given to tlic probable cost of removing underground obstructions, such 
as water-pipes, gas-mains, etc. 

G. When? a structure is on a sharp curve it is sometimes advisable 
to make the bents radial; but, whenever practicable, it is best to make 
the towers perfedly rectangular and to throw the skew entirely into 
the intermediate span, so as to simplify and cheapen the shopwork. The 
exact location of oac^h column should be figured from certain known lines, 
and all ordinate's for the same should be indicated on the layout. 

Much careful study should b(^ givc'n to the work of establishing each 
fc'ature of the layout; for, if mistake's be^ made therein, the^ are likely 
to cause great delay and expense later on. With theses points all settled, 
the calculations for proportioning all parts of the structure may be pro- 
ceeded with. 

Calculations 

After the leading feature's of any proposed structure have been 
setth'd, and after the gerie'ral layout there^of is completed, the next step 
to takej is the making of the calculations necessary to determine the 
stre'sses in all the parts and the; proper sizes for same. For e»onvcnicnce 
in making te) correct scale pen-skete;hes e)f the varie)us portiems of the 
elesign, the author us(‘s a cros8-se;ctiou paper elivieled into one-eiuarter- 
inch sepiares, the she'e;ts be'ing tern and a half inclu's wiele by sixteen inches 
long, wlh(;li size exjierie'nce has sliown to be the most satisfactory. At 
the head e)f eacli page are writte;n the date, title of structure, and name 
of e!omputcr. This form is shown in Fig. 58a. 

hiich set of calculations is started by filling out all the blanks on a 
ilata-sh(*et of th(' saiiK' size as the calculation sheets, but not ruled into 
sciuares. This data-slu'et is illustratc'd in Fig. 586. 

Before figuring each truss span there should be recorded for it the 
following: 

First, Length. 

fiecond, Nunil)er of panels. 

Third, Tlu; various truss depths. 

Fourth, P(‘rpen(licular distance between central planes of trusses. 

Fifth, Spacing of stringers. 

'^riu; (lead load from the track and ties in railroad bridges, or from the 
timber floor or i)av('ment in liighwa}^ bridges, is first determined, using 
the unit weights of materials given in Cha])ter V; then the stringers or 
longitudinal gird('rs are figun;d and proportioned, after which their weights 
and that of th('ir bracing are computed. 

Next the floor-beams oi cross-ginlers are proportioned, and their 
weights are figured. From all these weights the weight per lineal foot 
of the metal in the floor system is next found. 
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As the lateral system can nearly always be designed before the trusses, 
it is generally best to compute the weight p(^r lineal foot of the entire 
lateral system before the trusses are touched, because the dead load for 
the latt(?r will be aff(ictcd by the weight of the former. 

Next it is necessary to jissume the weight of metal per lineal foot for 
the trusses. This completes the data for the preliminary dead load, which 
will consist of the following items: 

FiraL Flooring (timber, track, pavement, etc.). 

Secoml. Floor system (stringers, stringer-bracing, and floor-beams). 

Third. Lateral sj'stem (upper and lower lateral sj^^stems, vertical 
sway-bracing, and portal-bracing). 

Fourth. Trusses. 

In making up the dead load, the end floor-beams and pedestals must not 
be included, as their weight produces no bending moment on the span. 

The d(?ad-load stresses in trusses arc always found analytically for 
spans with paralh?! chords and (‘qual panel-haigths; but for otluT cases 
they are usually determined grajihically, and are eh(u*k('d by a single 
numerical calculation at the member where the graphics stop, as (^xplaiiu'd 
in Chapter X. They are reconUnl on a skeleton diagram of tlu^ truss. 

The live-load stresses are found by the method e.xplained in Chapter 
X, and are recorded on a separate skeleton truss diagram. Whemwer it 
is practicable, in making arithmetical computations, the slid(‘-rule is em- 
ployed. For ordinary work, in which the total stresses can be written 
with six figures, a ten-inch slide-rule will give the stresses accurately 
in thousands of pounds; but when^ the stresses are great ei*, Thacher\s 
cylindrical slide-rule can be* (anployed, although the li»n-iiich slid(‘-nile 
is generally sufficiently accurate. 

The computation of all stresses found analytically is facilitated b}" 
determining the trigonometrical functions involved in the calculations, 
and multiplying the panel loads by them. By setting these products on 
the slide-rule and using the proper tabulatcMl coefficricMits — ^giv(?n in Tables 
10b to lOi inclusive — it is often i)racticabl(‘ to read off a large s(»ri(*s of 
stress(?s without resetting the slide. 

The impact stresses are found from tluj livo-loa*l stresses by slid(^- 
rule, using the diagrams given in Figs. 7c, 7d, and 7c, and are written, 
preferably, upon a separate skekdon truss diagram; although some com- 
puters prefer to record them on the live-load skehiton diagram, eaeJi im- 
pact stress being placed directly b(;neath the liv<‘-load stress to whi(^h it 
corresponds. 

Next are computed all the wind-stresses which could possibly aflec^t 
the sizes of the sections of main-truss members, and these are rcniorded 
cither on a separate diagram or on one of those already prepared, in the 
latter case care being taken to indicate that each such stress is marked 
as a wind-load stress. 

Next the various combinations of all stn'sses are made and recorded 
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on a new diagram, after which the required sectional areas of all main 
members arc figured according to the specifications, and are written on 
the same diagram; then the actual sections are proportioned and recorded 
there also. 

In order to prevent waste of time by carrying calculations to an un- 
necessary degrees of refinement, and so as to conform to established con- 
ceptions of fitness and proportion, the instructions given in Table 58a 
have been prepared for the use of the author’s assistant engineers. 


TABLE 58a 


Accuracy of Calculations 


In all calculations figures arc to bo givtm to the nearest unit noted in the following table: 


1. KlTective span 

2. KfTcotive depth 

S. Height to lift 

4. Loads 

a. Per square foot 

b. P(T lineal foot 

c. Concent rated 

d. Load to lift 

5. Shears 

(i. Stresses 

7. Moments. 

a. Stringers, floor-beams, (‘tc. 

b. IMain girders 

8. Live-load imi)act 

1). Bat io I r 

10. Unit stresses 


0.1 ft. 

0.05 ft. or 0.5 in. 

1.0 ft. 

1 lb. 

10 lbs. 

1(K) lbs. 

1000 lbs. 

KKX) lbs. 

1000 lbs. 

100 ft. lbs. or 1000 in. lbs. 
KKM) ft. lbs. 

0 . 5 % 

1 unit 
10 lbs. 


N(‘xt the weight of metal in the trusses is estimated. For ordinary 
spans, the weights of d(*tails are takc'n from Figs. 55/ and 55w>; but if tlic 
struct iir(‘ b(^ of an unusual type or size, the details are sketched and their 
weights are coni])uted. 

Next th(; total weight of metal in the structure is figured, and the 
(lead load is clieck(Hl. If it doi's not agree with that as.sumed Avithin the 
limit of error set in tlie specificatioiLs, a mnv dead load is assumed, and 
the entire (romputations of total stivsses, sections, and truss weights are 
made aiK'w. It is very s('ldom, however, that it is nec('ssary to make 
th(\se calculations mor(? than once, owing to the great mass of aecumu- 
Iat(‘d data concerning weights of metal in all kinds of bridg(‘s, as recorded 
in ( -hapten’ LV. 

The exact knigths of all memliers, including camber allowances, are 
tlien figur(\l anil recorded on the last-mentioned diagram, preferably in 
blue ink. 

In determining stresses graphically, the frame diagram should be laid 
out on as large a scale as is couveuient, and the load diagram should be 
made as small as practicable'; for the largo frame gives great accuracy 
in iiu^linations of members, w'hich is the all-important point in graphical 
computations, and the small load-diaigriun confines the graphics to a rea- 
sonable space. If the im^linations arc correct, accurate results will be 
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obtiiined with a very small load-diagram. The author's limits of error 
for graphical Avork are one-quarter of one per cent at mid-span and one 
per cent at the far end of span. Should the error exceed these limits, 
the grapliical Avork has to be done aneAv. Smooth paper, shaip pencils, 
true triangles, and perfect straight edges are necessary to secure good 
results, to AA’hich list should be added painstaking accuracy in every 
manipulation of the appliances. 

The calculations for girder spans and for ste(‘l trestles and viaducts 
are made in a similar manner to that just descrilAcd for truss spans, ex- 
cept that in trestles and viaducts attention has to be paid to the com- 
binations of stresses in toAA’ors, as explained in ChaptcTs XIII and LXXVIII. 

In respect to the calculations for reinforced (‘oncrete arches, that sub- 
ject has l)('('n A’ciy thoroughh' treat(‘d in (^hapter XXXVTI. consequently 
nothing furtlier on the sul)ject need be said Ikto. 

In regard to the calculations for r(‘inforc(Ml coiKTeto girder spans and 
trestles, the sequence of designing is jis folloAAs: Floor slabs, stringers, 
cross-gird(Ts, main girdei*s, columns or ]>iers, and footings. The method 
of figuring each of th(‘so items is ATiy thoroughly explaimul in Chapter 
XXXVII, hence there is no necessity for making here any further comment 
thereon. 


Check i n<j Cfilculaliona 

In making any set of calculations the comput(T should check back on 
his AA'ork at short inter\"als, so as to s(‘e that no error has becai mad(‘, 
because tin? effects of such errors often extend oA'cr all succeeding com- 
putations. 

All calculaticjiis on the standard slun^ts, except as j)r(*viously indi- 
cated, are made in black ink; and AA'hcai they are checked l)y another 
computer, as is the invariable custom in the aiitlior’s office, all check- 
marks and corrections are mad(‘ in r(*d ink, and each page checked is so 
marked and initialed ly tlie checking computer, Avho not only verifies 
all the numerical calculations, but also follows carefully each step in the 
design so as to guard agaiast all possible^ (Trors. The^ AVork of checking 
is greatly facilitated if all the steps taken are iridicate^d plainly, so that 
they (?an Ik; easily folloAved by the checker, l^ach r(\sult checked is ticked 
off Avith red ink. 


Making Drawings 

OAving to the necessity for having several copi(*s made of each draw- 
ing, the latter Is first laid out in pencil on d(;tail paper, and is coi)i(Hl in 
ink on tracing cloth. In some simple d(;signs, hejAvever, the penciling is 
done directly on the tracing-(doth, but this is tin; ex(;eption rather than 
the rule. For convenience in handling and filing, it is very desirable to 
have all draAvings made of a uniform size. After several years of experi- 
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ence, a size of twenty-nine inches in width and thirty-eight inches in 
length has been adopted as best suited for bridge plans. This size may 
be used for all detail drawings and stress-diagrams, but it is often neces- 
sary to increase the length for profiles and general drawings. The draw- 
ing is always made on the rough side of the tracing-cloth, as it is often 
convenient to do a considerable amount of drawing and writing in pencil 
on the sheet. Another r(\ason for using the rough side is that any era- 
sure shows less thereon than it would on the smooth side, and it is often 
necessary to do considc^ral)]e erasing on trackings. As before stated, th(i 
first drawings to b(; made; an? the general i)rofile and plan, with cross- 
sections, in order to establish all the main dimensions of the stru(?ture. 
These drawings can be prepared before the computalions are finished. 
Next come the stress-diagrams, which should contain for siec'l structures 
the camb(‘red lengths of all iiK^mbers; the dead load, live load, impact, 
and wind-load stress(\s, and the gn^atest combinations of sam('; the sec- 
tions requin'd and those used for each main member; and the following 
general data; 

1. Length of span from cemtre to (centre of end-i)ins. 

2. NuinlxT and hmgth of piinels. 

3. P('rp(*ndicular distance b(‘tw(‘en central plant's of trusses. 

4. Depths of trusst's. 

f), Dt'atl load for floor system per lint'al foot of span 

(). Dt'ad load for trusst's per lineal foot of span. 

7. Livti load for stringei*s ])er lim'al foot, of span. 

8. Liv(^ load for floor-lx'ains i)er liiK'al foot of span. 

9. Live load for trusses ptT lineal foot of span. 

10. Wind load on ui)per latt'ral system ptT lineal foot of span. 

1 1. Wind load on lowt'r lateral system per lini'al foot of span. 

12. Cylc'arance n'quirt'd above base of rail or floor. 

13. Specifications. 

1 1. Kinds of mat ('rials to l)c employed in all parts of struct are. 

IT). Diameti'rs of rivets to be used. 

The stress-diagram propcir may be simply a lint'-drawing, each main 
member Ix'ing ri'pn'sented by a single right line, or all th(' main im'inbers 
may lx; drawn to scale by means of tlu'ir ix'riphery-lini's. The latter 
iiK'thod is generally adopted Ix'cause of the improvc'd ai)pearance of the 
sh(3et whi(;ii it affords. The scale for any str(;ss-diagram should be large 
(aiough to give plc'nty of room botw(?en panel points to contain all the 
necessary writing. 

After the stress-diagrams are completed, the detail drawings are begun. 
There is considerable difference in the methods employed by ('onsulting 
engineers to convey to manufacturers an undersbinding of the dc'sign 
which they desire to have executed in the shops. Some insist that the 
only proper method for the engineer to pursue, if he desires his details 
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to be followed, is to make complete working or shop drawings, ready to 
be turned over to the template makci's; while others prefer to make what 
are termed general detail drawings, which show to exact scale all the 
details, and give all important dimensions and the numlx^r of rivets in 
each connection, but which do not locate each rivet by figures, leaving 
the working drawings to be made by the manufacturer. WIk'ii the latter 
method is adoptc'd, the working drawings must be sent in duplicate to the 
engineer for his approval before any of the work is s(^nt into tlie shoi)s, the 
said drawings being checked hy the engineer’s assistants, not only to see 
tliat they agree in every im])ortant particular with the original drawings, 
but also to make sure that they contain no errors of any kind. The lat- 
ter method is the one which the author invariably employs, and for 
adopting it he gives thc^ following reasons: 

First. Kach bridgc'-shop has certain iiK'thods of doing work, whi(;h 
demand that the Avorking drawings Ixi made in a(*(?or(lance therewith; 
otherwise the cost of the manufacture is materially increased. These 
methods cannot be considerenl b\' the engineer, whe) has nedtheu* the time 
nor the inclination to go to the trouble of ae*eiuainting himself with the 
various methods of all the leading bridge'-she)ps of the* ce)untry. 

Second. The nature of the work of a consulting euiginexu’ is not such 
as to justify him in keeiiiiig together enough trainenl elraftsmen to (jxe'cute 
Avith sufficient rai)idity the large ainoant of drawing necessary, if the 
first-named nu^thod be folloAveel. 

Third. The capacity for accom])lishing A\"ork in a ce)ns\illing-(mgincer’s 
oflice Avhen the second method is employ(‘d is j)robably thn^e times as 
great as it would be Avere the first method adoi)t(‘d. 

Fourth. With the can'ful and thorough system of cluicking shop- 
draAA’ings in A^ogue in the author’s office, all the arh^antagevs to be gaiiuxl 
by making complete AA^orkirig drawings are obtained by the much simpler 
method of making complete detail draAviiigs. 

Fifth. The manufacturer alAV’^ays ai)pears to b(^ bed ter pl(\*is(Hl and 
satisfied if the making of the shop-draAvings be l(*ft to him; and the Avork 
of manufacturing the metal proc(‘eds more smoothly in conscxiuence. 

In starting a detail drawing, the first thing to be dorui is to lay out 
a sheet of standard size. If tluj subject Imj a framcMl structure, such as 
a bridge or roof truss, it aauII greatly (‘conomizo space on the draAving if 
the skeleton frame be laid out on a small scaUi, say thnuMughths or one- 
hsilf inch to the foot, thus giving the proper inclinations of all members, 
and if the details at all the panel points and corimjctions be made to a 
larger scale, say three-quarters of an inch or an inch to the foot. The 
centre-of-gravity lines of all main members should coincide Avith the 
lines of the skeleton diagram. For the d(.*tails of ordinary bridges the 
scales just mentioned Avill bo found the most satisfaeitory. It is a very 
common error among bridge-draftsmcai, Avhen tAVo different scales are 
used, to make the principal lines of the main imanbers continuous be- 
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tween panel points, thus exaggerating the apparent size of the said mem- 
bers. This is entirely wrong, and is often the source of serious errors 
in the shops. In such drawings, the main mombcjrs should be })rokcn off 
before their principal lines mcict midway between tlie panel points; and 
it is often advisable to show a section of the meml}cr between the broken 
ends. 

After deciding upon the scal(\s, the next step is to determine what 
portions of the structure are to Iw shown on each shetjt, if mons than one 
is to be made, and what is the Ix'st possibkj arrangeiiKirit for all details 
on each sheet so as to fill it uniformly and allow ample space for illus- 
trating each detail in the requisitt^ number of views. For short spans, 
up to, say, two liundnKl fei^t, by carefully arranging the details, every- 
thing can be shown clearly on a standard shcM't of twenty-nine inches by 
thirty-eight inches. Tlwi siz(\s of all conn(M*tirig-plat(is, stay-plat(\s, lacing- 
bars, connecting-angles, ])ins, fillers, rivets, etc., should be given, also 
those of all main members; and the exa(^t spacing from back to back of 
all angh's, channels, and w(?bs forming the various meanbers should be 
clearly indicaited. The ])acking at all pan(*l points should be shown, and 
11 h^ exact spacings therefor should b(i givcai by figure's. There should 
bcj indicate'd also all leading dimensions, such as th(' exa(;t cambered 
lengths from centre to centre-line of pin-hol(*s for all truss membei-s; the 
vertical distance from centn^ of bottom-chord juns to bas(' of rail; the 
vertical distance from centre' of bottom-chord pins to bottom of floor- 
beams; the vc'rtical distance? from base of rail to top of masonry; the 
cl(?aran(!<^ n'cjuin'd above' bas(' of rail; the spacing of anchor-bolts; the 
lengths of all built nM'inbc'rs beyond centres of jun-holes; the s])acing of 
rivc'ts in flang('s of stringers, floor-beams, and chord nK'inlu'rs in a general 
wa}', such as “Ki spaces of 3" each,” or “about 3" s])acing“; the distance 
from back .to back of op])osit(' flange angles in all girders and struts; the 
whlths of W('bs of all plate girders; the sj)acing of stiifening angle's; etc., 
et(?. All joints or surfaces which are to lx* plaiu'd or faced should be so 
indicat ('d. 

Each sheet shouhl have a general and descri])tivo title j)rinted in a 
neat but plain style of lettering. The title and the numlx'i* of the draw- 
ing should b(? placc'd in the Iow(?r right-hand coriK'r. This work can 
best be done b}" setting type and em])loying a hand-pn'ss. A single line 
drawn one-half inch from each edge of the shc'i't shouhl define its mar- 
gin, and if a rather fine line be drawn for each boundary of the tracing, 
and the slu^et be trimmed just up to thc'se l)oundary-lin('s, the bliKi-printer 
wdll have a w'ell-defined border to which to cut his prints. All lettering 
should be plain, but executed in a neat and workmanlike manner. Noth- 
ing adds more to the ap])earance of a draw ing than neat lettering. Special 
care should be taken to locate all dimension-lines so there can be no doubt 
as to the distmices they are intcmleil to fix. All notes should be WTitten 
in positions where they will be easily noticed, and so that they wdll not 
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interfere with the lines of the drawing. A set of general notes should 
be given on each sheet of details, specifying the kinds of material, the 
sizes of rivets, the diameters of rivet-holes biiforc and after reaming, the 
manner in which all plates are to be finished, et(!. After each sheet is 
penciled, it should be checked carefully to see that tlu^re are no errors 
thereon; then, after the tracing is finished, it must be cheeked in detail — 
if possible by some one wlio was not concenu'd in its j)reparation. The 
clu'cking, as a rule, must not be done on the tracing but on a blue print 
made tluTc^froin. This pn'vents tlu^ tracing from Ix'ing iiijun'd by hand- 
ling, marking, and erasing. It also (aiabh's th(' ch(‘(;ker to tc'll more 
certainly when all corrections have been math', and gives a permanent 
record of all change's. These' prints should Ix' plainly stamped or marked 
“Checking Prints.^’ '^Fhey can Im' destroye'd as soon as it is thought 
advisable^ to do so. 

As indicated at the outset, the preceding note's apply essemtially to 
steel brielge's anel tre^stle's; but in gemeral the'v will se'rve alse) in relatiem 
to reinfe)rceMl concrete structure's. All dirne'iisions of the' concre'tei must 
be clearly shown, and the' sizes anel arrangemc'iit of till re'inforcing bars 
must be properly indicat(*el. It will fre'eiut'utly be tidvisable^ to make one 
drawing showing cenicrete ele'ttiils only, tiiiel tinollu'r eine' for the' re'inforce- 
ment. A scale of eaie'-eiuarter or thre'c-e'ighths of an inch to the' foeit will usu- 
ally be femnd stitisfacteny; but for ceanplictiti'el ele'ttiils, such as those 
at expansieai joints, it will often be be'sl te) tideipt ti Itirger settle. The 
gemeral note's on each she'e't should e*ov(‘r such iioints as the pe'riiiissible 
edge elistance anel spacing e)f bars, the tinunint e)f Itip reepiirt'd til splice's, 
the minimum radius of bend tillowe'd for btirs unele'r stre'ss, tinel the di- 
mensiems of hooks eai the ends of btirs. The loctitioiis of exinst ruction 
joints should be indictited on the elrawing, eir else slioulel bo covereel by 
the general notes. 

Checking Drtncings 

The fedleiwing staneltird instructions of the' autheir to his office- 
assisttmts cone'erning the che'cking of elrtiwings will indictitej what such 
checking should accomj)lish anel the essentitil thoroughne*ss thejreiof. 

General Detail Drawings 

First. Go ov(T all drawings for the entire design tind see thtit every 
de^tail of the structure is shejwn in a suffi(!ie',nt numbe'r of views to make 
clear to the manufacturers extictly what is inte'nde'el by the ele'signer. 

Second. See that ewery eleitail has bexai elinu'iisioneel so that it ctin 
be readily Itiid out on the working drawings. See? also that all s(?ctious 
of connection angk'S, fillers, e*tc., arc inelicate'd. 

Third. See tliat proper el(\scriptivc ne)t(js are given wherever neces- 
sary to make clear the reasons for any special details. 
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Fourth. Examine each detail and sec that every portion of it is strong 
enough to carry properly the greatest stress that could ever come upon 
it were the greatest p()ssil)le capacity of the main member or members 
utilized. Make sure that enough rivets have bc‘en used, and that they 
are indicratxnl to be coimtersunk or flattened wherever necessary to provide 
proper (jlearancc. 

Fijth. In checking up the packing at the panel points, see that all 
members whicdi are to 1)0 l)rought on to the pin are shown, and that a 
sufficient clearance has b(H»n figunHl for each. Make sure that all forked 
ends have the requisite strength, and that diaphragms b(^tween the same 
hav (5 ham used wlienjver necc^ssary. Clu^ck uj) the bearing of each mem- 
ber on the pin, and make sure that plenty of riv(;ts have been employed 
to C()nv(?y the stn^ss from tli (5 extension-j)lates to the main member. 
Rem(*inb(T that the stn'ss to be provided for at the bottom of a vertical 
post is not th(^ stress on post itself, but the algebraic; sum of the ver- 
tical components of tlu; stnvssc's in all diagonals attaching to the pin at 
the foot of ])ost, or, approximately and on the side of safety, the stress 
on the post. j)lus one-half of a panel floor-load. Sec that no bar diverges 
from the central plane' of truss more than one-eighth of an inch to 
the foot. Si'c that filh'rs are shown and their sizes given wherever they 
are lUMressary to hold the; mcmbc'rs to exact position on the; pins. Check 
all i)ins for tlic' grcatc'st b(*nding moments coming on them, determining 
the same; by combining the bending moments in two directions at right 
angUjs to (;ach other. 

Sixth. S(*e that the centn*-of-gravity lines of all members are shown; 
and wh(;r(‘ any such lino is not in thc^ central plane of member, sec; that 
it is locatc'd from the side; of the; sc'C'tion. 

Seventh. W'hercwer a drawing is either Avholly or partially sho^\^l in 
s(;ction, sc'e that the' exact point at which the section is taken is indicated 
in writing, and that the section line' is i)roperly indicatc'd on the other views 
to which the note; refers. 

Eighth. Comi)arc; all sections of members and all leading dimensions 
with those; givc'ii in the' calculations, and sc'o that tlic'y correspond there;to. 

Ninth. See that all sta3'-])late;s and lacing-bars are shown, and that the 
sizes for same; are; give;n; also that the;se size's com])ly with the re'e|uirements 
of the; spc'eafie'ations. The inclinations of all lacing-bars should be given. 

Tenth. See that all extension-platc;s of forke;d ends arc e;arried at 
least six irn'lics inside the; end stay-plates, and that they are strong enough 
to dcve;lejp the full strength of the main membe;r, even though the coin- 
putc;d stress there;on be; small. 

Eleventh. Check all forked ends for transve;rse bending, and see that 
they have been re;inforced where;ver nc;eessary. 

Twelfth. See that all reinforcing-plat c's at ends of members are so 
distributc;d as to balance as nearly as practicable the bearing on the two 
sides of the main section. 
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Thirteenth. Compare drawings which show the same (h^tails, so as 
to make sure that all are alike. 

Fourteenth. that tlie same style of detailing has been followed 
on all drawings. Wliere several draftsmen are employed on the same 
piece of work, there is liable to be quite a diversity of details, illustrating 
the individualiti(\s of the various draftsmen making them. 

Fifteenth. When a change is made in any part of a drawing, see 
that the said (‘hange is carricnl through all the sheets Avhich are affected 
then'by. 

Sixteenth. See that when any drawing or portion thereof is aban- 
doned it is so indicated clearly througliout all tlie drawings. 

Seventeenth. A\’herever timber-bolts are to be used, see that they arc 
plainly indicated, that their sizes and lengths are given, and that washers 
are j^rovidod beneath all heads where the bearing is on the \vood. 

Eighteenth. See that all screw-ends of rods are upset, unless they are 
to have cold-press('d threads. See that all diagonal rods are provided 
with proper adjustiiK'iits, and that all clevis-pins and plates are of proper 
strength. See that no pins of less diameter than allowed in tlu^ speci- 
fications are us(‘d, and that they are set at least one and one-half tliaineters 
from edg(^ of plate'. 

Nineteenth. In reinforced conc'rete structures, see that all dimensions 
of the concrete ani clearly shown, that the numl)er and the arrangement 
of all reinfor(*ing l)ars are ))ro])<'rly indicatc'd, that the locations of con- 
struction joints an? specified, and that at no point have unduly thin 
sections Ijeen us('d. 

Twentieth. See that each sheet is provided with general notes as 
follows: 

Steel Structure.s. 

A. Kinds of material to be used throughout th(i struc.turc. 

B. Diameters for rivets. 

C. Sizes of rivet-holes before and after reaming. 

D. Manner in wiru^li the edges of all w('})-plates are to be finished. 

E. What ends are to be faced and wlnit are not. 

lieinf arced Concrete Struclurefi. 

F. Permissible edge distances and spacing of l^ars. 

G. Amount of lap of bars at splices. 

H. Minimum radius of l)end allowed for bars subject to stress. 

I. Dimensions of hooks on ends of bars. 

Twenty-firnt. Seci that all notes are written in good English, that all 
words are spell(;d cornjctly, and that they express exactly what is intended. 

Tv:enty-second. Sec that c^ach drawing is provided with proper titles, 
that it is numbered correctly, that the scale or scales are indi(;ated, and 
that the name of the draftsman and date of completion of drawing are 
given. 

Twenty-third. See that the drawings scale, and, if they do not, make 
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a note saying that the dimensions written on the drawings are to be fol* 
lowed in preference to the scale where there is any discrepancy between 
the two. 

Twenty-fourth. In short, check over all details, dimensions, sections, 
and notes given on the drawings, so as to make sure that everything is 
in strict accordance with the specifications and witli the data furnished 
for the structure. 

Shop Drawings. 

• 

First. Make sure that the .sections and details conform in every par- 
ticular with those given on th(^ general detail drawings and stress-diagrams, 
excepting in minor points, where slight changes may be made to facilitate 
the work in the shops, provided, of course, that .such alterations do not 
in any way impair the strength, durability, or appearance. 

Second. Check over all field eomKictions to .see that there arc no 
rivets which are so locatcnl that thc^y cannot be satisfactorily driven in 
the field. 

Third. See that all mc'mbers hav(i proper clearances at panel-points, 
and that all rivet-heads, wherever nec(issary to provide such clearances, 
are countersunk or flattened. 

Fourth. Check over all h'ligths of iXK'inbers and rivet-spacing for field 
connections to make sun^ that the holes will match in the field. 

Fifth. Cheek ov(‘r all bills of material to se(' tluit the correct numbers 
of pieces have been ordered, and that they arc^ of i)roper sections and 
lengths. 

Sixth. Always have the shop-drawings sc'iit to the office in duplicate 
and check the two s(‘ts, n'taiiiiiig oim' s(‘t in th(‘ office and r(»turning 
the other s(it with corr(M*tions or api>roval marked thereon. Where draw- 
ings are returned to .sho])s with corr(H*tions mark(^d on them, revi.sed prints 
must be sent for ai)i)roval before tlu; work is put into tlie shops. 

Changes on Tracings 

It is often necc'ssary to make chang(*s on a tracing, and in doing so 
great care .should be exercised, oth(*rxvi.se a drawing which has cost con- 
siderable time and money may be ruineel. For making slight erasures 
a very .soft pencil-eraser is be.st, and next comes the* rubber ink-eraser, 
but sennetime^s a very sharp knife skilfully uscmI will bc^ founel effective, 
as it can be .so manipulateel as te) affect nothing but the parts to be erased. 
The latter shoulel be ernploye'd only with e'xtre'ine e*ar('. Where only a 
slight erasure is to be made, an envsing shie^ld — a thin shee^t of metal in 
which are cut small holes ce)rresponeling to the we>rk to be changeel — shoulel 
be used. This sheet is laiel on the elrawing so that a hole comes over the 
part to be erasenl, then an eraser is rubbeel over the hole, and nothing is 
damaged except the portion which is changed. 
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Filing Drawings, Calculations, Specifications, etc. 

Ill the course of a few ^'cars^ practice the office records of a consulting 
engineer grow to such projiortions that, uiih'ss some systematic method 
of filing and indexing them be adojited, it is imi)ossible to refer thereto 
without a great deal of diday and annoyanci'. The filing of calculations 
and si)e(!ifications is a comparativ(^l\' easy maltiT, but to keei) an accu- 
mulating lot of drawings in good shapi' for ri'ady referc'iice is by no mi^ans 
such. During the time that the author has b(‘(ai engaged in active prac- 
tice several nu'thods hai'c been eniiiloyetl for filing tracings. One great 
difficult^" with the earlier drawings was iliat they were of varying di- 
mensions, some as larger as forty-two inches by niiK'ty-six inches, and 
others belonging to the same set as small as eighteen inches square. At 
first large cases of drawers were used fur laying out tlu^ tracings flat, 
ea(?h tracing b(»ing stamped with num])ers d(\signating the lot and drawer 
to which it belonged, and an index being kc'])t of all drawings, recording 
the numbers of the lot and drawer. The* objections to this in(»thod were 
that th(; smaller drawings got lost among th(‘ largia* on(»s, thus often 
necessitating a comph'tc' overhauling of an entire drawiT to find a tracing, 
and it was hnpossible to ke(»p the large drawings from b(‘coming folded 
and crackl'd at tlu? edges and cornei-s. l-»ater it. was deeiiK'd advisable 
to bind ('ach si't of drawings togi'tluT with ])alont fasteners along one 
end, but this m(*thod was soon abandoned, owiiig to the difti(*ulty en- 
countered in getting out tracings for blue-printing and n'fc'rence. 

The method of laying the tracings fiat in drawers was abandoru'd for 
a while, and that of filing them in cardboard tul)es with tiglitly fitting 
covers was trii'd. This served the purpose fairly well, but it had its de- 
fects, hence it, in turn, was abandoned for th(5 one now in use, which is 
as follows: 

The tracings are filed in flat drawers in lu'avy paper ('nvelopes con- 
taining about ten tracings each, there being some t('n or tw('lv(^ envelopes 
to a drawer. There is a special fik^ for record drawings, and there is an- 
other for finally approvi'd shop-drawings. TIm'H' is also a fik; for calcu- 
lations; and all periodicals that an* not bound iM'rinaiK'ntly, all impor- 
tant catalogiK's, all spi'cifications, and all other materials that may prove 
of use in the future an? filed imithodically. All fik's arc; thoroughly 
indexed so that anything wanted can b(‘ found v(Ty quickly. 

The specifications and calculations an) kept in filing cases prepared 
especially for them. These cases consist of a series of small shelves about 
one and a half inches apart, each shelf being numlx'n'd. When a set of 
calculations is complete, the sheets are all bound together in one book 
with removable fastenings, so that they can be easily separated when it 
is necessary to distribute them among several draftsmen. These sets are 
all numbered with the numbers of the shelves on which they are to bo 
filed. 
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In indexing all work, every article should be registered under as many 
headings as practicable. 

General 

All calculation-blanks should be of an extra-good quality of paper, 
capable of withstanding a gniat dcjal of erasing and scratching, which is 
often ne(;essary in making sketcihes for details. The tracing-cloth should 
be of th(j best quality, as it is impractical)le to make a good drawing on 
poor cloth. The best l)raud that the author has (ivcr used is the Imperial. 

Pounc(i or tahnim should l)e rublxMl ov(t th(i surface of the tracing- 
cloth to make it take the ink uniformly. Pencil-marks and dirt can be 
easily remov(*d from a tracing by moistening a towel in benzine and 
washing tlic^ surface of the cloth with it. If a good quality of ink be 
us(h1, it will not hv. afh'ctcul by such washing. 

There are many licpiid India inks in the market, but none of them 
will give quite as good results as will lh(i genuine sti(;k ink when properly 
ground; n(nTrlhel(»ss, ('xcei)t for v(Ty fine work, the former are prefer- 
able on account of the saving of time which lh(jy cfTo(;t. Higgins’s water- 
proof ink is the most satisfactory which has y(^t been tried in the author’s 
office. 

A good quality of detail papcT is very (\ssential, for there is in all 
kinds of detailing a great deal of erasing to be done; and time is always 
saved by using good, tough i)aper that does. not rough up by having an 
eraser used upon it. 


nANi)LiN(5 Office Work 

There will now be given a. complete d(\scription of the manner of 
handling the ofTice work as dc'veloped by the author’s firm; and while 
this is n'ally the result of tli(' evolution of a practice extending over nearly 
thn'e d(‘cad(»s, as far as the drafting department is concerned it is mainly 
th(^ work of IlcTinan H. Fox, Ksip, C. E., who for many years and until 
about the end of 1914 was Chief Draftsman for the firm, and who since 
then has b(‘(*n aiding the author in the accumulation of data for this 
treatise. Throughout this description, however, it must be remembered 
that the various derails have bcx'ii evolved for an exccx'dingly large prac- 
tice, and that they do not necessarily a])ply to an office^ wIktc such a prac- 
tice does not exist. A modification of the system may be advisable for 
any i)articular case, or possibly it ma^'^ not be applicable at all for any 
office besid(\s that of a consulting briilge engineer. 

Th(^ work of t-lu' linn was carric'd on in wliat might properly be termed 
three separate d(*i)artments, consisting of the General Office or Business 
Dc^partmcuit, the Designing D('jxirtm('nt, and the Drafting Department. 
While these divisions were distinct in so far as each occupied quarters d('- 
voted entirely to its o^vn particular work and was in charge of a single 
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head responsible only to the Office Manager, there Avas a common interest 
in the office as a whole Avhich nccessitatcMl a close relationship between the 
various branches in order to carr^’^ on the work systematically and eco- 
nomically. The memlxTs of the firm had their own private offices; and 
while in the office they were in daily touch with all of the departments 
giving dirc'ctions and suggi'stions where needed. 

The (leneral Office was in charge of a secretary or chief-clerk, under 
whom work(Ml a bookkcx'pca*, a stenographer, and an office boy. All cor- 
respondence, drawings, jirints, and data of every description passed through 
this departiiKMit, whether they were coming into or going out of the office. 
The secretary opiauxl all corr(\spondence and referred it to the persons 
concerned. All letters containing information regarding the work in the 
Designing or Drafting Departmi'iits were (*opiod; and the cojiies were 
sent to the heads of thes(', as originals were not permitted to be taken 
out of the {i(aieral Oflice, excc'pt in very urgent cases wIkmi it was not 
considered advisable' to wait for the copy to be madc^. These cojiie's 

were stamped, “For Attention of ]\Ir. ” or “For Information of 

Mr. In th(' former case the recipient of the copy was ex- 

jiccted to follow up th(' corresponde'iice and answer it; whereas, in the 
latter case', he was ex])e'e*te'd to use* the infeirmatiem give'ii and file the 
copy for re'fe're'iice, neithiiig further than this be'ing necessary. 

The originals were always stampe'el the sanies as the e*e)pie\s; anel all 
letteTs were stamjie'el Avith the date anel hour Avhe'n rece'ive'el anel wlu'n 
copied. If the copie*s Avere neit se'iit out immeeliate*ly, the ree'ipiemt usu- 
ally’' note'el the* fact the*re'e)n, aeleling the date anel hour whe'n the^y re'acheel 
his hanels. The original eif all lette'rs of inte'rest to either membeir of 
the firm Ave're' re'ferreel te) him dire'ctly. Where' the “atte'ntiem'^ neite ap- 
peared, he e'itlu'r aske*el tlie^ r(*ci])ieuit of the ceipy to refeT the matte'r to 
him be^fore framing the answeT (if he AA’as partieailarly intere'steel in it), 
or laiel the letter asiele? until the answe^r AA’as jdaexMl on his ele'sk. All 
ktters by the heaels e)f the ele*partnients ge'nerally i)asseKl threaigh the 
hands of the? Office Manage'r anel we?re se'iit by him to the ( leneral Office 
for mailing. All ejriginal le'tte'rs re'ce'ive'd were^ file'd by the' Oeneral Office, 
the copieis being ke'pt in the? fiU;s of the; eU;partment heaels. C!e)pi(;s of 
all corre'spejndene'o by the various mem in charge Avejre file'el both in their 
OAvn files anel in the (lene*ral Office. Xo one, cxe;e;pt the heaels ejf the 
departments, Avas alloAved in the Cjene;ral Office, unle'ss on spee;ial busi- 
ness. Prints, elrawings, and f)th(;r data we're; hanelle;el in the same way 
as the corresi>ondence‘; (;xcept that after being stampeel as to date and 
hour reeieived, the;y AA'ere passcel emt directly te) the pre)p(;r department. 

The stenographic Ave)rk fe)r the entire; offie'e; was hanell(;d by the eine 
stenographer, AAdio Avas assiste'd occasie)nally by help from outside, Avhem 
there Avas a great rush of copying to be done. By means of a buzzer 
system she' was notifiexl Avhem Avanted. 

The Office Boy attended to all of the filing in the General Office and 
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saw that all letters, prints, data, etc. were delivered promptly to the right 
persons. He looked after the mailing, and went on all necessary errands. 
He also performed other services of a general nature around the office. 

All purchases whatsoever were arranged for by the General Office. 
Requisitions wcjre made out by the department heads — ^mostly by the 
Chief Draftsmen — and these were tumcMl in to the Chief Clerk, who O. K.'d 
them and ordcjn'd th(^ materials. All payments were made through the 
(Seneral Office over the signature of a mcimber of the firm, or, in the ab- 
sences of both, over that of one of the two principal assistant engineers. 
This was triKi both as to pundiases and salaricis. All cost-keeping and 
accounts we^ni likc'wisc looked aftcT by that department. 

All work was haiidk'd separalely undcjr job numbejrs, which were as- 
signed by the Chief ('k'rk. No distinction was made bcjtween proposed 
and final joi)s in this coiiruH^tion, although in every other way these two 
main divisions were kept s(‘parate. 

Tlui l^(»signing De])art merit consisted of the Chh'f Designer with such 
assistants as w(»r(i n'ciuired at different times. As a ruki, the Chief De- 
sigiKT made all calculations himself both for preliminar}'^ estimates on 
pro])os(Hl work jind for the final construction. When unable to turn 
these out in the allotted time, lie secured from thc^ Drafting Department 
such h(»lp as was needed to coinjik^te the work. He likewise obtained 
assistance' fi’om that department for checking the calculations or for pre- 
paring such di’awings as came under his supc^rvision. These (jonsisted 
of the (h'ueral Layouts, Stress f'hccts, and any other drawings affecting 
tlu* design din'ctly. The checking of erection schcmies, sent in by the 
contractors for ap]n’ovid, and the assimilation of oth(?r data of a nature 
that affectc'd tlui design were handled by this department. When men 
were turiu'd over to him to take care of such work, they were entirely 
responsible to him until lie released them. The Chief Draftsman w'as 
always advist'd wlu'ii tlu'se men completed their work in the Designing 
Departiru'iit ; in fact tlu' apiiroximate time of such completion was given 
him b('for('hand, so that he could have work readj'^ for them on their 
return to tlu* Drafting Department. 

The calculations were drawn up on the special form shown in Fig. 
58^7. A white translucent paper was used so that prints could be made. 
The slu'ets were ruk'd with blue lines in one-quarter-imdi scpiares, every 
tenth liiK' in each dircudion being red. A title fonii apiieared at the top 
of each sheet. At the begiiuiirig of any set of calculations, a data sheet, 
as sho^\^l in Fig. 586, was first filled out. A yellow color was used for 
this so as to make it stand out conspicuously from the rest of the calcu- 
lations. As seen from the sketch, this sheet gavc^ the complete notes cov- 
ering the principal feature's of the structure, and indicated what speci- 
fications govc'rned the design. The calcailations were generally worked 
out in logical sequem^e, beginning with the floor and following with the 
stringers, floor-beams, lateral bracing, vertical sway bracing, portal brae- 
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ing, and trusses or girders. Tliese were followed by special calculations, 
such as those for counterweights, towers, machinery, etc. The se(|uence 
luiturally was arranged to suit the particular type of structure being de- 
signed. This remark r(?fers especially to the superstructure. In the sub- 
structure no such condition exists. The substructure calculations were 
made either first or last, depending on the demands for getting out the 
plans for it. Where a separate contract was let for the substructure prior 
to the letting of the superstnic;ture, the former (?ourse was necessary. 
From the weight curves in the office the superimposed loads were readily 
figured and the d('sign made. When the superstru(;ture calculations were 
com]ileted thc»s(‘ loads were checked by the actual loads. 

For projiGsed jobs and small constructions the (falculations were worked 
up in a single section. However, on large jobs it was found advisable 
to br(\‘ik u]) any oik' set of calculations into numerous s(*ctions for ease 
in handling and convenience in getting out the work. These sections 
were arranged to accord with natural divisions in the structure, such as 
substructure, truss sj)ans, plat(‘-girder spans, trc'stle a])])roaches, (founter- 
weights, towers, machiner}', etc., and ihoy were l('tt(T(d A, B, (‘tc. A 
title sh(H't, drawn out on the n'gular calculation paf)er and giving the 
name of the bridge' and the h'tter and titles of c'ach division, was l)ound in 
with it at th(' front. As tlu'se divisions were' chc'cked, the'y w(*re turned 
over to the Chief Draftsman for the preparation of the drawings. They 
were filed, as ('xplained later, after the detail drawings w(*r(5 complete'd. 
After the calculations we'n^ once checked, no notes of any kind (eithejr 
in pencil or in ink) W(*re pe'rmitted to be made on tlu'in. Whenever re- 
visions were (ronsich'red advisabk', tlu'y w(*re first brought to the att('ntion 
of the Chief D('sigii(*r. At a conveni('nt time h(^ lookc'd into tla'in and had 
them attend(*d to. Every n'vision made was j)roi)('rly mark(?d, and tluj 
mark was given at the top of tlu' shec't, togi'thi'r with th(^ initials of thc^ 
mak(T and those of the chc'cker, as ^vell as the dates on which tln^ revision 
w^as made and checked. On the wdiitc; tithj sheu^t th(' numbers of the 
sheets r(?vised, th(^ fact that th('3^ W(‘re rc'vised, th(^ initials of th(* mak('r 
and checker, and the dates of marking and cheeddng of tlu^ revisions were 
given. These change's were kept track of by revision blanks shown in 
Fig. 58c. Whc'never a part of the calculations was r('pla(;(id completely 
hy a later design, all shc'cts affected ^vc're marked “VOID” in large plain 
letters so as to preclude any chance of their b(?ing us(?d. TIk; person who 
marked a sheet “void” noted thereon his initials, and the date; and a 
reference to the sheet replacing it was noh'd whcin advisable. 

After the calculations for the whole job or any s(?ction of it were com- 
pleted, the prepjiration of the drawings was begun. This pro(;eduro was 
not always followed, as it Avas sometimes necessary to start the drawings 
before the calculations were checked. In this cas(3, the Chief Designer 
had blue prints made for the use of the drafting room. At times this 
entailed extra work when changes were made in checking; however, modi- 
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fications of any importance rarely occurred. As was stated before, the 
General Layout and the Stress Sheets were usually prepared under the 
supervision of the Chief Designer; all other drawings, however, were 
made in the Drafting Department. This department was in charge of 
the Chief Draftsman, who had from ten to thirty-five draftsmen under 
his control, depending on the amount of work under way at any one 
time. A Drafting Room Clerk and a Blue-printer completed the force. 
During slack seasons extending over any length of time, the Blue-printer 
was dispensed with and his work was taken care of by the (tlerk. The 
preparation of detail drawings, the making of blue prints, the checking 
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of shop-drawings, the handling of the department’s special correspondence, 
and the care of records, files, indices, ('tc., ix'rtaining to the Avork of the 
Designing and Drafting Departments, were all looked aft(T in this dc^part- 
iiKint. 

'Die work was liaiidled by sqinuls consisting of a Squad-boss and from 
four to six draftsmen under his direct suiKirvision. With ten or less men 
in the drafting room the Chief Draftsman directc'd all of the work per- 
sonally; but Avluai he had special mattca-s to look after himself, he ap- 
point(Ml CA\ assistant to take charge of the men for him. It Avas ahvays 
attempted to give the Squad-boss enough men to keep him busy direct- 
ing thcjir Avork jmd settling such qiu'stions as might arise, in addition to 
the general planning of the* Avork and the laying out of important details. 
Moreover, questions brought up outside of the office?, particailarly AAuth 
reference to his own work, Averc, as a rule, referred to him. At times he 
was given special inv(?stigations to make; and these Avere reported upon 
to the head of the department. Certain correspondence Avas likcAviso 
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turned over to him. The draftsmen were responsible to the Squad-boss 
alone, who assigned them their work; and at no time were they given 
instructions by anyone else. When the Cliief Draftsman, in his daily 
rounds, not('d changes tliat should be made, ho ahva\'s (*all('d in the Squad- 
boss on the discussion and then left him to give final instructions. In 
the same way an}' member of the finn, desiring changers of any importance, 
called these to the attention of the Chief Draftsman, who attended to 
their being earric'd out properly. In all cases it was aimed to maintain 
the authority and prestige of any individual who ocaaipied an executive 
position. 

The S(iua(i-boss laid out the work for each man under him and watched 
it throughout its progress. He arranged this so that it would be unnec!- 
essary for the various men to discuss the details among tluanselves, as 
it was intended that each man should carry on his work alone, reh'rring 
such matters as required the Squad-boss's attcaition dinadly to him. ( Jen- 
crally, the Squad-boss settled all important i)oints (‘arly in the job and 
instructed the men as to his decisions regarding them. Th(‘S(» w(‘re usu- 
ally in the nature of gcmeral details or spc'cifi cat ions covering the work 
of more than one man or o^ sjK'cial details retiuiring particular ingemuity 
in their solution. At all tinic\s it was attcmiptcjd to limit tc'chnical dis- 
cussions to the Squad-boss and each individual under him, as discussions 
t)etween the men themselves were found to be long-drawn-out and to 
lead to nowhere. For the same reason eommimi(‘ation bi»tw(*(ai mcai in 
(lifTerent sejuads was limited as much as possil)l('. J laril-and-fast rul(»s 
Avere notadopted in this regard, as it Avas not intended to curtail absolut(»ly 
the freedom of the men. It \A'as considereil advisable, lioAVt^viT, to deter- 
mine the sources of authority and havcj these n^sortcnl to wlaai iieci'ssary. 
Care A\'as alAA\*iys exercised to handhj the AA'ork economically and Avith the 
least red-tape possible and yet to fix the n'sponsibility of tsach individual. 
Mor(K)\'er, it AA'as practically a nc?cessity to have a (piitt, y(t busy, work- 
ing force; and promiscuous discussions did not contributfi to this end. 
Ordinarily, only the claicking of detail draAA'ings prc'pared in the oflicc 
AA'as handled independently of the Scjuad-boss. The ch(M*k(*r Avas held 
responsible to no one excerpt the (.'hic*f Draftsman, in order to j)rev(‘nt his 
being influenced by any one connected Avith thci AA^ork. Hc' AA^as at lib- 
erty to discuss any detail Avith the Squa.<l-boss or (l(;tail(*r, b\it aa\‘is free 
to use his oaati judgment after such a discussion. Only the ( 'hi(»f Drafts- 
man could settle a difference of opinion b(*tAA"e(m tlu; tAvo as to the b(\st 
detail to employ. Occasions sometimes arose AA'h(»u it Avas advantag(M)us 
to handle certain special investigations outside of the* s(]iiad; and the 
men carrying on such work Avere placed under the direct supervision of 
the Chi(?f Draftsman. 

The squads were not permanent in their organization, as it was nec- 
essary to arrange them to suit the existing conditions at any particular 
time. Moreover, it was the purpose of the office to give each man as 
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rounded an experience as possible, because this course resulted in bene- 
fit to the office as well as to the individual. Naturally, the individual 
had to be e(iual to the responsibilities pla(!ed upon him or he would not 
have been entrusted with them. With this system in vogiKi, different 
men were in charge of diff(;rent squads at different times; and the men 
in the squads were shiftcid from one to the other as circumstances de- 
manded. As a rule, tlie ablcT and more exiMJrienced men were made 
Squad-l)osses; althougli som(;tiraes younger men were placed in charge, 
parti(iularly wlum they showed themselves sjwcially fitted to handle men. 
Likewise the ol(l(?r men \v(Te placed in charge of checking work, on ac- 
count of tlu‘ir (»xi)(Ti('uce. Generally, th(‘ least experienced men were put 
on the tracing and the? cornn^ting of drawings, while the more advanced 
OIK'S d('voted t he^msi'l v('s to detailing; but sometimes it was iK'cessary for 
the latl(‘r also to make? tracings. The work was arrange?el so that a single 
squael e'ither hanelled the entire jed) or te)ok e;are of one or more divisions 
of it. The? foriiK'r arrangeme'iit was pe)ssil)le on small jobs; but on large 
OIK'S where? the; layout was considerably variexl, it was nece;ssary to follow 
the latter e*ourse;. In this case the elivisiems we?rc maele as e;omple;te in 
theinse'Ive's as it was practicable to make them in oreler te) avoid the 
e)verla])ping of eh'tails and, conse'e|ue'ntly, also a division of responsibility 
betwe'e'ii the' various squaels ('ngage'd. 

AVheii the calculations on any pie'ce of work we're turiKMl over to the 
Chief Draftsman, he' stuelie'd the'in care'fully and d(;te;rmineel what elraw- 
ings we'H' n('e*('ssary and alemg what line's they were to be W'e>rkeel up. 
A e'omplc'te' list of drawings was maele out at the start so as to obtain 
a cemsee'utive'ly arrange'd set e)f ])lans. Care was taken to see that there 
we're' enough drawings to cove'r all the details without the neerssity of 
cre)w<ling any she*et. 'Hiis usually calle'el for consielerable study, but it 
was we'll worth while; for, in adelition te) proelue;ing a logical set e)f draw- 
ings, it gave a working ske'le'ton for the entire job and permitte'el the 
making of an ace*urate' <*stimate of the time* anel number of men requireid 
to turn it out. The' C^hief Draftsman then arranged fe)r a squael to pre- 
j)are tlie; ])lans, and turne'd over the cale'ulatie)ns to the Squael-boss, giving 
him writte'n instrue-tions a;^ to the handling of the work. The Squad- 
l)e)ss revk'we'd tlie'se thoroughly and tlu'n laiel out the work fe)r e'ach man 
unele'r him. He eU'e-ide'e! upon such ele'tails as lacing bars, stay plates, 
kinels of sj)lie'e's te) be use'el, etc., so as to make the practie'c uniform; and 
he determine'd the' ame)unt of eletailing necessary so as to avoid any du- 
plication. S])e'e'ial instrue'tions and ne)te's were writtem so as to prevent 
any misunelerstaiiding or any e'xcuse for iie'glect on the part e)f the men. 
Ge;ne;ral elecisie)ns of importance were always writte'n anel placed on file, 
anel e'ejpies were fumishe'el the draftsmen for refere'iiere. Small letter-size 
shee'ts, 83-2" X 11 ", we're' ge'iK'rally bloe'ke'd out, giving the details to be 
worked up and their location on the drawing. These were turned over 
to the draftsmen, together with the calculations. The Squad-boss also 
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investigated important details that required special attention, drawing 
them out as far as it was necessary in order to determine the governing 
features, and then turning them over to the draftsmen to be completed 
and incorporated in their work. It was always attempted to liave th(^se 
ready for the men before tlu^y got to them. In such work as the detail- 
ing of trusses, the Squad-boss invariably studied the entin; make-up of all 
the members, with the object of securing the best arrangement for splic- 
ing and for fixing the rc'lations between the web and the chord members. 
It was freciuently lu'cessary to revise slightly the sections given in the 
calculations in order to si'cure the desired result, especially on heavy work. 
Such rt'visions, as well as others made by tlu^ draftsmen themselves, al- 
ways followed the cours(i previously outlined. To assist in tuming out 
the drawings quickly, as well as to standardize the office practice, typical 
details and methods of ih'signing them were worked uy>, and i)rints thereof 
were given to the draftsmen for use in detailing. In a few cases it was 
possible to prepare standards; but, as a rule, the work in tlui office was 
so varied that this was not feasible to any gre^at extcait. Tlu'se typical 
and standard details were drawn out on letter-siz(‘ sliec^ts, SVj" X 11"- 
A sheet for standard lettering, linework, and convcuitional signs was like- 
wise prepared for the use of the draftsmen. 

Almost all detailing was done on papcT in jxmcil and then copied on 
tracing cloth in ink. Certain work was sometinu's peticill(»d directly on 
the tracing cloth and then inked in; but this was the exception rather 
than the ruh?. In th(5 preparation of the ixMicil drawing, care Avas gen- 
erally taken to see that it was made exactly as it was exp(H;t('d to l)(^ 
traced. This was not always the c.ase, however, as it Avas not infr(‘(|uently 
found adA'antag(*ous to (l(‘tail on small slwM'ts and adjust thes** on the? draAA'- 
ing in tracing them. This system AAas found (?onATni(?nt in Avorking up 
a draAA'ing the entire d(‘tailiug of aaIucIi could not be done at one time, 
eitluT for lack of inhjriiiation or on account of the necessity of Avaiting 
on some other (hstail not yet determined. C\*ire was ahvays taken to see 
that the yxaicil AA'ork AA’as carefully done', so as to give no troubl(^ in making 
the tracing. If it became n(?cessary to lift the cloth in tracring in order 
to make out any detail or lettering, it AA^as callf^l to the attention of the 
detailer so as to pnwent a similar occurrence on futuns Avork. Particular 
attention AA^as given to the line AA^ork, esi)ecially in regard to its Aveight and 
make-up, as the coiiA'^eritions adopted by the officre had to bo adhenMl to. 
A pencil sufficiently soft to give a clear, distinct line and yet hard enough 
to prevent smudging AA^as used, ('ertain important lincis, such as centre 
lines, ])Oun(ling linos, (;tc., AA'cre frequently inked in on the papcir, espe- 
cially on heavy Av^ork Avhere considerable erasing might naturally be ex- 
pected. The location and composition of titles, notes, jind the like were 
also carefully AV'atched on the pencil draAvings, although the style of let- 
tering was not considered material so long as it Avas distinct and legible. 
After the drawings Avere traced, tlie titles, Avhich Averc outlined by the 
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Squad-boss, were printed on the sheets in the lower right-hand comer. 
The titles were arranged so as to occupy a space about six inches long 
and four inches wide. A small hand press was used for printing the titles; 
and they were set up and stamped by the ch^rk. 

After the tracings were completed, the drawings were checked. Prints 
were made for this purpose in order to save; the tra(;ings. All corrections 
were put on the prints in ink, and the approv(‘d details were properly 
checked. The (rliecker generally (Jomplcled a whokj sheet before taking 
up tmy questionable points with the detailcr or Squad-boss. This avoided 
an umiecessary amount of running back and forth as w(^ll as the constant 
interrui)tion of the various men concerned. Of course, this practice was 
not always adhcnMl to, as it sometimes happened that md\ matters in- 
volved the further chec^king of the work. In such cases the points in 
question were invariably settled as th(iy arose. 

Aftc^r the drawing was compl(‘,t<‘ly checked, it was returned to the 
Squad-boss, who turned it ov(t to the detaik^r for back checking. The 
latter checked tlui (*orrections and, when through, took iq) with the checker 
such changes as lui did not agriKj to. '^riu^sci difference's were then settled 
between the two; l)ut wlicn no agrec'ment could be reaclujd, the point 
in (iiu'stion was referred to the Squad-boss and, if necessary, to the Chief 
Draftsman for settleiiK'nt. Aft(T this, the tracing was corn'cded in accord- 
ance' with tlu' cli('(;king i)rint and n'turned to the (?he(;k('r. H(' then tickc'd 

off every detail on the tracing, comparing it can^fully with the checking 
print. WhciH' piopc'r change's had not been maek', these were^ noteel on 
the traenng, wliie'li was returneel for furtlu'r ceuTectiem. Finally, after it 
was approve'el, it was signeel by all parties e*emnee*ted with it wlu're ineli- 
cated em the title'. The? che'e*king prints like?wise were signeel by all par- 
tie's ce)ne*e'rne'el, aiiel the* dates e)n whie*h the' che'cking, back-checking, 
anel corre'cting were' done' were adek'el. The che?cking prints anel the p(?ncil 
drawings were fik'el away until the? she)p drawings had b(?en approve'el, 
after whie*h they wi're destroyi'el. This was done mere'ly for refere'iice in 
case' the she)ps she)ulel find e?rrors in the drawings. As far as it was jws- 
sible te) ek) se), one man was given the (checking of an entire jed) or a defi- 
nite? sectiem of it, so as to fix the rcsinnisibility fe)r the we)rk. Where 
seve'ral e?he'cke'rs we?rc put on one job, they were' e'xpee*te'el to ce)m])are e)ver- 
lapping de?tails so as te) be ce'rtaiii that no diffe'renc(?s oe'curreel on that 
account. The Squad-be)sses likewise watched this partie*iilar point in 
connc'ction with tlu? eletailing. 

(Calculations required in the detailing and chee'king of drawings were 
made in stanekird figuring books containing 150 slu'e'ts about 10" X 12" 
in size. These sheets were epiaelrillc ruk'el in one-epiarter-inch squares, 
which made them especially suitable for this particular work. Each in- 
vestigation was given a propc?r title, and eae?h day the date was put on 
the sheet just started, l^ach book was indexed for ready reference. 
These books were kept by the draftsmen at their desks until they were 
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of no further use to them, when they were filed in a convenient place 
in the drafting room. 

Although the standard sheet, 28" X 37" inside and 29" X 38" out- 
side of tlie border, was mostly used for drawings, half-size sheets, 18" X 28" 
inside and 19" X 29" outside, were sometimes found conv(aiient. More- 
over, during the checking of the shop drawings and during the construc- 
tion of the job, it was frequentl}" necessary to send out a small sketch 
of a detail. For this purpose a letter-size sheet, 83^2^' X 11", was em- 
ployed. The structural drawings were numbered 1, 2, 3, et(j.; the me- 
chanical drawings, ]\I1, M2, M3, etc.; and the sketch sheets, Dl, 1)2, 
D3, etc. Whenever a tracing was replaced by another, the original one 
was marked in large hitters near the titU', with a note, "See final 

drawing Xo. The new drawing took the same number as the 

original exec'i)t that the letter A, B, or C, was added to it as a distinguish- 
ing mark to signify th(? number of times the drawing had bcM'ii remade. 

A concise record of the detail drawings was kept for each job on the 
form shown in Fig. o8d. The she('ts were 103 2 * X 10", the; same as 
those used for th(' calculations; and they \vere punched at the h^ft hand end 
for a canvas-backed folder made specially for tluj calculation file. These 
records were placed in the fold(T in alphabcdical order according to the 
title of the job, and were kept by the clerk. As soon as tlu' list of draw- 
ings was made up, the al)ove form was filled out to this ex((»nt. Tlum 
as the drawings were gotten under way, the recrord was ext(‘nd(Ml until 
it was complete. The data for this werci taken from the time-cards de- 
scribed later. The squares in the columns listed "Tith'," "('hecking 
Print,” "Back Checked," and "Corrected" were menJy checked thus 
(V) when any of these it(*ms had benm taken care of. By referring to 
this record one could sec at a glance just where any particular job stood 
at any time. 

After the tracings were checked, r(‘f(*rcn(!e prints were made and 
turned over to the Squad-boss; aft('r which tlu' tracings were filed in th(5 
cabinets used for that purpose. Th(;se prints took the j)lace of the trac- 
ings to a large extent, as otherwise the wear and tear on the latter would 
soon have put them in bad condition. They were us(m1 in the checking 
of shop drawings and in genenil reference work. Mor(iov(‘.r, all important 
corrections, made after the drawings were first sigru'd as being checked, 
were noted on these prints as a recon I of the sani(\ These (;hang(.\s may 
have been due to the shops, to the owners, or to the office itself. These 
prints were kept until the job was completed in tluj field, fitter whi(;h 
they were destroyed. No pencil marks or notc‘s of any description what- 
soever were permitted on the tracings after they wcire checkcid. Where 
corrections were necessary, they had to be called to the attention of the 
Chief Draftsman, who saw that they were taken care of in the proper 
course. 

The work of checking the shop drawings was turned over to the men 



Fig. 5Sd. Drawing Record- 



EECORD OF DETAIL DRAWINGS 
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who made and checked the detail drawings, if they were available for this 
purpose. The shop prints were sent in in duplicate, one copy being for 
the office? and the other for the shops. Only such items as the principal 
diinensious, sections, details, and strengths of all parts were checked. 
The rivet spacing was not looked into except to see that no spacing less 
than the minimum or greater than the maximum allowed by the speci- 
fications was used. Net sections were carefully watched for any im- 
proper reduction by the shojis. The numl)er of field rivets was checked 
in all cases; but the matching of field connections was not looked into. 
The shop lengths of all main members were checked, and the lengths of 
a few bracing diagonals were figured to S('e that the shops were giving 
them the proper draw. It('ms that alTect(?d the shops alone, but did not 
influence the strength of the structure, were not investigated. The 
checkers Avc're instructc'd, however, to s('e that the d(?tails for the struc- 
ture were complete and that the proper number of oa(;h was ordered by 
the shops. A point that often gave troubh' in the cluH^king of shop draw- 
ings was the fact that tlu' shops frequently made corrections other than 
those noted b}' the checker without calling attcaition to th(?m in any way. 
This was immaterial, of course, in unimportant details; but the fact that 
some important detail might be overlookcHl thiough this course' led the 
Chief Draftsman to instruct the shops at the l)egiiining of ('ach job to 
underscore' all such change's, no matic'r how unimportant th(?y might bo. 
This was found well worth while on more' than one occasion. As far as 
possible, the coriections were made so fully on the shop drawings and 
in such a maiiiu'r that the' rc'asons for them would lx* evident to the shops. 
Where this could not be dom*, the correspondence; was made to cl(;ar up 
the changes. The shop prints were stamped “Approved’^ or “Approv(;d 
as Corrected” and signed l)y the checker, who also added the date; of 
checking. They were then returned witli a h'tter of tin; form shown in 
Fig. 58e, ox(;ept where it was n(;c('ssary to advise; more; fully regarding 
the corrections, in which case a special letter was written and ('iiclosed 
with the form h'tter. The latter was made out in triplicate l)y th(; ch('cker, 
th(; original being for the shops and the coph's for tin; Drafting I)e[)artment 
and the General Office'. These three copies w(;ro turiu'd ov(*r to the 
Drafting Room Clerk, together with the prints, wliich wc'ie divided into 
the office and the shop sets and so marked, ^'ho ch'rk cliecked the prints 
against the list given in the form letter, and approv(*d tlic; latter, if found 
corre(;t, by adding his initials where noted ‘‘Approved.” The shop prints 
and the; letters were th(;n turned over to the general office for mailing. 
After this the office prints were recorded by the clerk and filed, as were 
also the copies of the h;tters. 

All drawings were mailed in duplicate by the sliops, until approved; 
and when approved, final prints were sent in for the files of the Field 
Engineers, the Shop Inspectors, the Clients, and other parties to whom 
sets of drawings had to be forwarded. These prints were all stamped 
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“Approved/’ and were forwarded with the form letter shown in Fig. 58/, 
being handled in the same manner as the prints njturned to the shops. 

WADDELL & HARRINGTON 

CONSULTING KNGINKKKS 
KANSAS (TTY, MO. 

BRIDGE 


SIILS: — W(i :ire reluming you lo-(lay prinis of your drawings as follows: 


C\)iilr:u*t No. Drawings Approvrd Drawings Approvcid as Corrorlod 



Al*l*RO\’ED: Yours truly, 

WADDELL & HAURINGTON 

By 

Cliiof Draftsman 

Fi<i. 5Sc. Form Lettor Accompanying Shop Dniwings UoturniHl to the (Contractors. 

At the close? of the? job a final s('t of cloth prints was olitaiiK'd from the 
shop for a pernuineMit reeiord. 

A complete record of the shop drawings wiis kept on the form shown 
in Fig. 58f/. These sheets were of the same size and were filed in a folder 
in the same manner as those for the record of the office drawings. The 
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drawings were always listed consecutively, and the sets thereof for the 
various contracts on any job were kept separately. The shops were re- 
quested at the outset of a job to furnish a list of their drawings for the 

WADDELL & HARRIXGTON 

COXrtULTIXd EXG INKERS 
KANSAS CITY, MO. 


BRIDGE 


Dear Sir: — Wo arc sending you to-ilay, for your file, prints of shop drawings for the 
above bridge as follows: 


Contract Xo. Drawings (Give Number of Prints) 


APPROVED: 


Yours truly, 

WADDELL & IIARRIXCrrON 


Fiu. 5S/. 


liy 


('hief Draftsman 

Form Letter Accompanying Shop Drawings sent to Clients, Resident 
Engineers, lasperdors, cdc. 


whole work or any section of it at the earliest date })ossible in order to 
assist in arranging th(^ record. It was not always convenient to do this; 
but when it was done, it certainly was a great help to the office. 






Fig. 58 ( 7 . Shop Drawing Record. 
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As soon as a set of shop drawings was received, stamped, and sent to 
the Drafting Department, a file drawer was assigned to them; and the 
record was filled out as to the name of the bridge, the span, the contractor, 
the contract number, the shi'ct niimbei*s, the file number, the title of 
sheets, the number of prints of each drawing received, and the date of 
receipt. The last two items were placed in the column following ‘‘("hocked 
By,'' the first in th(^ rectangle and the last just to the left of the circle. 
The prints were then assigned to the checkers, who looked after them 
immediatch", unk'ss they had more urgent work to get out. It was always 
planned, however, to attend to the shop drawings just as soon jis they 
reached the office, so as not to hold up the shop work or to give the shops 
an excuse for claiming an extension of time, '^fo assist in this respect, 
the clerk went over th(^ records of unfinished jobs each we(‘k and made 
out a list of prints that had b(*en held in the office' a wi'ek or more. 
This list was turned over to the diief Draftsman, who investigated the 
reasons for the holding up of the work in (piestion and mad(^ sure that 
the cliecking was not thereafter unnecessarily delayed. A similar list was 
made of drawings being h('ld unduly by the slioj)s, and a copy of this 
was forwarded to thcan with a ix'qiiest that th(\v push the work as much 
as possil)le, when the work was likely to g(‘t b(‘hind. 

As soon as the drawings W(?re ch('ckod, they W(»re turru'd ov(t to the 
clerk, as previously noted. He then inserte'd the names of the checkers 
ill the key and their initials under “("hecked By." In the cintle he 
WTote “A" or “(V^ d(?pending on whether the drawing was “approved" 
or “approved as correcte^l"; and following this, lie gave the date on 
which th('. prints we're re'tunuHl. When revised jirints came back, theise 
were entered in the lu'xt ceilumn as be^fore, and the cleak ele*live?red them 
to the e'heckers, toge*tlie'r with the prints of the same elra wings jirc'viously 
reejeiveel. The clu'cking of the correediems was then taken care of, anel 
the prints returned to the sheips. This proe*edure was coiitinueul until 
the elrawings were approvc'd. After that, the prints for the various files 
were scait in liy the shops and listi'd. '^I'luy w(*r(i stamped and forwarded 
to the prop(T parties, a record lieing inadii of the date and the number 
of prints sent to ea(;h at the right-hand end of the sluKit under the head- 
ing “File; Prints Sent To." The year or ycairs over which a record ex- 
tended were given at the upjxjr right-hand (jorner of the sheet. After 
the record was complete, the upiK;r right-hand corner was clipped, as 
rioted, for convenience in referring to the unfinished jobs. 

When prints of the office tracings were needed, orders for these were 
made out in duplicate on the form shown in Fig. 58/?, consisting of a pink 
sheet 8^" X 11" in size. This form gave the number and kind of ])rints 
of each drawing wanted. They were placed in separate baskets — one for 
the blue-printer and one for the Drafting Hoorn. The blue-printer took 
his copy, picked out the tracings, and made the prints. He returned the 
copy, together with the prints, to the clerk, who made sure that the latter 
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corresponded to the order. When the prints were wanted by someone 
in the office for his own use, they were delivered directly to him; and 
one copy of the order was destroyed and the other filed in the drafting 
room. In such crises the order had to state clearly the purpose of the 
prints. When the prints were to be sent out of the office, they were pre- 
pared for mailing and then turned over to the General Office, together 

Date 


TO THE CHIEF DUAFTSAIAN: 

Please Furnish the Following Prints: 


When Wanted Ordeuk:d by 

The Above Prints Are llELivEitED Herewith. 

J)ate 


Signed 


TO THE MAIIJXd VAjEWK: 
The Above Prints Are: 


Prints Mailed — ^Datb 


Signed 

Fig. 5S/t. Order Blank for Blue Prints. 

with the duplicate of the order, proixjrly signed. The original order was 
filed in tlie Drafting Room. In preparing prints for mailing in envelopes, 
they were always folded so that the titles appeared on th(' outside. When 
a gn'at number of prints were ordered at one time, the more important 
ord(*rs were, of course, attiMuled to first, l^'liis was looked after by the 
clerk, who saw that the jirints wi'rc gotti'ii out as quickly as ])ossible. 

In addition to filing the orders, a record was kept of all prints sent 
out of the office. These wi're listed on the form shown in Fig. 58/, which 
was of (lui same size as the standard calculation sheet and was kept in 
a similar folder. A recon 1 was made out for each job; and these records 
were filed alfihabetically according to title. The sheet numbers W(?re 
listed complete and in numerical order, even though prints were not 
made of all of them. The initials of the party to whom the prints were 




Fig. 58 i\ Record of Office Prints Sent Out. 
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sent were placed in the top recitangle, the number .of prints below to 
the left, and the date just to the right. The key gave the full names 
and the corresponding initials used in the record. The year or years 
were given at the top of the; sheet, and the name of the job at the bottom. 
These records w(5rc made directly from the orders at the earliest con- 
venient time after the prints were sent out. 


TIME CARD 

Name Date 


Job No. 

SlwHit No. 

^^'ork 

Hours 

Remarks 





















— 


- 











! ! 



1 

! 

i 

Total 



1 

1 

1 


Ficj. r>sy. Daily Time C'ard. 


To facilitate the handling as well as the making of complete records 
of the work, tlu* tina* card, IV' X o" in size, shown in Eig. 58/, was used. 
Each draftsman handed in a card each day, noting upon it the jobs ho 
had wnrked on; the sheet numbers of the drawings; the* section numbers 
of the calculations; the* contract numlH*rs of shop drawings; the nature 
of tlu* w’ork as to making, tracing, checking, back-checking, correcting, 
and revising; the time spent on each; and any remarks that might be 
necessary to give a complete record. In all cases in the Remarks” 
column it ww noted when a piece of w-ork w\*is started or (*ompleted. The 
time was n'corded each day by the clerk on the “Monthly Time Card,” 
shown in Fig. 58A\ These sheets were S} X H", punched for a loose- 
leaf holder. Oiu^ shec't was assigned to each job, and these sheets w^ere 
filed according to the job iiumb(*rs. 'fhe time per man per job was totaled 
at the end of the month; and th(*se totals wen* added together and checked 
against the total time of each man taken from the daily time cards. The 
monthly time cards were handed in to the (Jeneral Office for cost dis- 
tribution. The daily time cards were filed in the Drafting Department. 








Fig. 5Sk. ^lonthly Time Curd. 
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The daily time cards were also used in making jiip the time records 
for the Calculations, Drawings, Shop drawings. Weights, Estimates, and 
Layouts. These were prepared on the forms shown in Figs. 58Z, 58m, and 
58n. The cards for '‘Weights,” "Estimates,” and "Layouts” were sim- 
ilar to that for "Shop Drawings.” A like card was also used for the 
time spent on a job that could not be assigned to any definite item. This 

CALCULATION RECORD 
Job No 


Section Year 





Fiu. sal. Time RcM^ord for Ciilcubitioiis. 

was listed under the heading "General.” These eartls were all filed in 
numerical order, according to the job numbers, in a standard filing case. 

Various files and indices for them wore maintained in the Draft- 
ing Department. Four of the six drawers in the drafting tables were 
used for filing, in addition to the cases made spiicially for that purpose. 
The Drafting Room Clerk was in charge of all of these. Capital letters 
were employed to distinguish the different files, and the drawers in each 
were numbered. 



1408 


BRIDGE ENGINEERING 


Chapter LVITI 


The Record Drawings wore filed in the drafting tables. These con- 
sisted of all drawings containing data or infoniiation of any nature 
whatsoever sent to tlu' otfic(' })y clic'nts, field cMigiiu'ers, and others. On 
account of the irregularity^ in the sizes of the sheets, they were filed rolled, 
all drawings pertaining to one job being placed in one or more rolls, de- 

DRAWING RECORD 

Job Xo Sheet No 
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were divided among several folders. This was ganged by using a maxi- 
mum thickness of one and one-half inches to one set. The divisions 
arranged by the ("hief Designer were maintained in the filing. A complete 
list of these sections and the sheet numbers were given at the beginning 
of the^ calculations. In the folders for small bridges, each set of calcula- 

SHOP DRAWINGS 


Job No 


Year 





I 




Fkj. oSw. Time Roconl for Shop Dniwings. 


tions was tabbed and la))elled; in the large bridges, the main divisions, 
such jis “SubstriKrture,’' “Spans/* “Towers,** etc., were likewise tabbed 
and lal)elled. The calculatioiis were indexed under the name of the river 
or main subject, and cross-indexed under tlie name of the client, city, 
and street. Only the number of the folder and that of the main division, 
in case several foldei-s were' assigned to a single job, were given. Standard 
3“ X 5" index-cards were employed. 

The tracings for the regular detail drawings were filed flat in drawers 
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in a case made specially for the purpose; while those of the sketch sheets 
were put in a standard vertical letter file. The former were placed in 
paper envelopes about ten to each drawer, each envelope containing about 
ten tracings. These were arranged in numerical order; and on the en^ 
velopes were printed the title of the job and the nimibers of the drawings 
they contaiiK'd. The mechanical drawings were kept in a separate sec- 
tion of the cabinet. All void tracings were pla(!('d in a separate folder at 
the bottom of the drawer, so that only the final drawings appeared in 
the regular file envelopes. Proposed jobs were kept separate from the 
final jobs in a special section of the case. Small miseellaneous jobs and 
miscellaneous sheets WTre likewise filed in special drawers. At times it 
w'as necessary to make extra long drawings for the “(General Layout" of 
certain structures, and these were rolletl and placed in special drawers 
separate from the rest of the set. The small sketch sheets were filed in 
paper folders in alphabetical order according to the name of the job. 
While the draftsmen were iK?rmitt(Hl to n^niove tracings from the files, 
they were not allowed to return them. Instead, they were placed in a 
spc^cial drawer, assigned for the purpose, from which they were taken 
and properly distributed each day by the clerk. This was done in order 
to hold the clerk responsible for the order of the files. 

The index for the tracing file was made out on the standard 3" X 5" 
cards. The jobs were listed under the name of the river or the principal 
subject, and were cross-refeniiiced under the name of the client, (;ity, 
and street, and also under any other heading by whicih it might be recog- 
nized. The drawings W(;re all listed and grouped under the following 
classifications: General Drawings, Substructure, Stress Sheets, Super- 
structure, Miscellaneous, and Void. Maps and General Layouts were 
recorded under “Gerujral Drawings"; while all miscellaneous details were 
included under "Miscellaneous." On large bridges the above classifica- 
tions were still further broken up according to the main divisions of the 
structure. The cards for any job were not made out until after the draw- 
ings were completed. 

The Checking Prints were folded and put away in a vertical file until 
the shop drawings were checked, after which they were destroyed. ' They 
were kept in alphabetical order, but no index was provided for them. 
Prints sent to the clients for approval were filed in a similar manner 
when returned. They were destroyed after the job was finished and 
completely settled for. When prints were sent out to bidders, an iden- 
tical set was filed in a vertical filing case and kept until the structure 
was completed. They were then destroyed. They were used in case 
a dispute arose regarding the plans upon which the bids were 
based. 

During the construction of a job, the Resident Engineer sent to the 
office records of the structure as actually built. These were kept in a 
vertical filing case. At the end of the work a drawing was prepared 
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showing the actual construction; and prints of this were sent to the 
client as a record. 

The shop drawings were filed in the table drawers under the various 
jobs and contract numbers. They were arranged in consecutive order, 
only the latest prints being placed in the final set. All void or replaced 
prints were filed together in proper order at the l)ottom of the drawer. 
All prints were kept until the job was finished in the field and all claims 
settled. They were then destroyed, all except the cloth set, which was 
filed permanently. Shop bills and small sketch sheets were placed in 
a vertical filing case and handled in the same manner as were the regular 
shop drawings. The draftsmen were jKjrmitted to take the shop draw- 
ings from the files; but, just as in the case of the tracings, the clerk re- 
turned them in proper order. A card index was provided for the shop 
drawings. The jobs were listed under the name of the river or principal 
heading; but (;ards were made; out only for the various contracts; and 
under each a complete list merely of the drawing numbers was given. 
Only the titles of the main divisions of the structure were noted. For 
more detailed information, the ‘‘Record Book for Shop Drawings'' was 
consulted. A fik^ for specifications for current jobs was kept in the Draft- 
ing Room, but no rec^ord was made of these, as the General Office had 
charge of the permanent file. 

Coi)ies of all corresi)onden(5e in relation to drawings were filed in paper 
folders und(n* the various jobs. Wlien any job was completed, the special 
correspondence for this was d(\stroyed. A vertical filing case was main- 
tained for all rulings or sp(*cial instructions made by cli(?iits. 

All catalogues from manufacturers wvtg filed in the Drafting Depart- 
ment ; and a compk'te index wjis made for them. 

The GeiKTal Offic(? was in charge of the library, and requisitions had 
to be filled out in order to s('cure library books. The p(*rson sigmng these 
was held responsible for books taken out until they were returned. 

Further information of value concerning office practice can be found 
in Chapter VII of Skinner's valuable work on “Plate-Girders," and in 
Davies's excellent treatise on “Engineering Office Systems." 
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INSPECTION OF MATERIALS AND WORKMANSHIP 

Before commencing to prepare this chapter, the author took the pro- 
caution to write several of the leading ins^KJcting bureaus of the United 
Stat(?s and ask them for coinment on Clia])ter XXI of De Pontilms, which 
also treats of the subject luToin considered; for he knew that during 
the eighteen years which hiul elapsed sincci that book was written many 
important developments in American metliods of inspection had taken 
place. The result was the accumulation of much valua!)le material con- 
cerning the inspection of m('talwork from such high authoritii^s as Messrs. 
Hildreth & Co., the Pittsburg Testing Laboratory, Messrs. Colby and 
Christie, C. C. Schneider, Ksq., C.E., E. M(diean Long, Esq., C.E., and 
Robert W. Hunt and Company. This has been utilized in n'casting that 
portion of De Pontibiis relating to metal anti metalwork inspec.tion; and 
the author Iktc takes the opportunity to expn^ss to those gcmtiemen; 
individually and collec^tively, his sincere and hearty thanks for their kind 
cooperation and valuable aid. In some pla(;(‘s \m has quoted verbatim 
from their contributions with the usual due acknowlcHlgmimt, but in 
others he has appli('d tlu; information and suggestions directly to the 
modification of his own pr(*vious writings. 

Unless all the materials used in a structuie and all workmanship during 
the various stages of manufacture at the shops and of (construction in the 
field be subjected to competent and boniest inspection, much of .the bene- 
fit obtained by sci(?ntific design and thorough specifucations will be lost. 
For many yciars most of the inspection of stnuctural metalwork was a 
sad farce; and, in consecpiencc, th(i general public plac(;d but little con- 
fidence in inspeiction, with the result that a large jwrtion of the bridge- 
work of the country was left entiridy to the tender mercies of the nianu- 
facturcirs, who naturally worked for their own interest and not for that 
of the punchasers. Of late years, liowcvc^r, improvements in inspection 
methods have been made by a f(;w cjf th(; leading specialists in that line 
of work; but, sad to relat(‘,, tlu^re is still a vast amount of slip-shod in- 
spection being done at rolling mills and bridge shops, mainly because pur- 
chasers of metal are not willing to pay a proper compensation to the in- 
spectors. In times past the author suffered considerably from bad inspec- 
tion in such matters as the inserticRi of a rust-joint in a turntable between 
the bottom of drum and top of uppcr-tracck segments, where no such fill- 
ing was allowed in citlujr plans or spcicifi(;ations; badly matching holes 
in field connections; pin-holes too small for pins; important members 
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omitted in shipping; eye-bars made longer than called for by the draw- 
ings; great recesses in webs and fillers at ends of girders; and shop-paint 
applied over half an inch of frozen mud. Such things, to say the least, 
are extremely annoying, and often cause great expense during erection. 
But of late years he has adopted the policy of having all of his metal- 
work inspection done by one firm, with the result that all the glaring 
deficiencies of that class of engineering work have been cut out, probably 
because of the fact that the annual amount of structural steel emanating 
from his firm’s office has amounted to many thousands of tons, and, in 
consequence, the inspecting bureau did not want to lose a good job. 

Inspectors arc by no means entirely to blame for the fact that the 
inspection of structural steel in general is not wliat it ought to be; be- 
cause back of them are the railroad managers and promoters of large en- 
terprises, who do not recognize the necessity for first-class inspection, and 
who are often not willing to pay one-half of what such inspection is worth. 
Here again, though, the inspectors are to blame, for the reason that in 
the keenness of their competition for work they have cut prices to such 
an extent as to make it impossible to do proper inspection without losing 
money. When pinned down to facts they have to confess this. The 
coolness of some of the “small fry” inspectors is often amusing. The 
author was once hauled over the coals by one of this (;lass who had put 
in a low bid for some inspection, and whose tender had been rejected 
because of the low figure, the work having been awarded to one of the 
regular inspecting bureaus at about fifty per cent more than the unsuc- 
cessful bidder asked. After expressing his mind pretty freely, he fired 
this parting shot: “Well, I never intended to do thorough inspection for 
you, anyhow.” 

The inspection business has been utterly demoralized in times past by 
just such action as that contemplated by this inspector; for it was the 
general custom, and is yet to a certain extent with some inspectors, to 
take contracts for inspection at whatever figures the purchasers arc will- 
ing to pay, then handle the work so as not to lose money on the contract, 
regardlcjss, of course, of the interests of their employers. Strange tales 
concerning inspection come to the ears of engineers — such, for instance, 
as passing car-loatl after car-load of metalwork that was not seen by the 
inspector until after loading for shipment; but such tal(\s lujed verifica- 
tion, which, of course, it is nobody’s business to give. There is no doubt, 
though, of some of them being authentic. In one case in the author’s 
experience the inspector left his work for ten da3^s in charge of one of the 
bridge company’s shipping-clerks, without notifying either the author or 
his direct employers, the inspection bureau, of his contemplated absence. 
Such actions as this make one entertain serious doubts sometimes as to 
whether inspection really pays. 

It is possible that the general demoralization of metal inspection by 
insufficient prices and keen competition has lowered the quality thereof 
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to such an extent that even tlie highest possible prices would not make it, 
for some time to come, what it ought to be; because not only are the 
assistant inspectors lacking in projier training and thoroughness, but the 
manufacturers have become accustomed to a certain class of inspection, 
and would (ku'iii it a hardship to be subjected to mu(?h more rigid require- 
ments. Eventually, however, the resulting improvement in manufacture 
of metalwork would be an advantage to the manufacturers as well as 
to the purchasers. 

A decided b('tternient of insix'ction can be brought about only by con- 
certed a(?tion on the part of the principal inspecting bureaus and inspc(!tors 
of the country, l)acked, of course, by the aid of all engiri(U'rs who are di- 
rectly interested in the designing and building of structural metalwork. 
If these inspecting bureaus and insi^ctors of establish('.d r(q)utation were 
to form an association for the puriwse of determining what inspection 
should consist of, and what minimum rates should lui charg(;d therefor 
by all memlMTS of the association, and if admission to the association 
were based upon both expedience and gootl faith, it would be pra(!ti(;able 
to make very quickly the improvements recpiisite for bringing inspection 
up to an almost ideal standard of excelkuice'. For a while a good deal 
of work would go to tlu^ inspectors outside of the association; but ere 
tong the general public would iK'come educated to the fact that good 
inspection of metalwork is a nec(‘ssity, and that it can only be obtaimid 
by pajdng living i)ric(‘s to those who do the work. Engineeds, in order 
to aid in the good work of the association, should n'fuse to include the 
price of inspection in tlK'ir f(H»s for eiigiiu'ering work, and should make 
it a rule to emi)loy for doing their inspection only members of the asso- 
ciation. 

Certain engineers of high standing have spoken slightingly of this 
proposition to form an association of inspectors, terming it a “trust.” 
Strictly speaking, it certainly would partake of the nature of a trust, 
but it would be a good and worthy one, the main o])ject of which would 
be to effect a much needed reform. On tlu? same basis the American 
Institute of Architects is a trust, for the reason that it establishes a mini- 
mum fee of six per ccait for the making of plans and specifications and 
sometimes also for tlu' s(dvices of an insixjctor on all building work; and 
surely such an organization should not be condcMimed on this a(r(;ount. On 
the contrary, tlu; architetrts have set tlui (mgiiKMU’s a good example in form- 
ing this association; and, until engincicrs follow th(?ir lead in this particular 
and establish minimum fe(\s for professional work, the engineering pro- 
fession will fail to attain its highest degree of efficieiKjy, and will, there- 
fore, not be properly recognized as a profession by the general 
public. 

In order to present the inspectors' views on tlu', subject of metalwork 
inspection, the following quotation is extracted from a eoinmunication by 
Messrs. Hildreth & Co.: 
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“Reasons for Inspection 

“Good onKinooring practice has established the necessity of the supervision of 
cni5ine(Ting work during its (Mitire progit^. The supcTvisioii of the manufactun? of 
structural metalwork is as essential as that of che(;king the design and the phins or 
supervising the work in th(^ field. Such sufiervision is rarely necjessary iis regards tlie 
inanagemimt of the? manufa(;ture. It is fair to iissunic^ that all manufaf^tun^rs operate 
their busiiuiss with the intent of giving gootl value undcT thc*ir contracts; and no manu- 
facturiT could dong c'xist if he carri(?d out thci policy of constantly and intentionally 
evading his contract, obligations. However, when the details of manufacjture arc 
(;onsi(ler(Ml, it shoiiM be* appreciatcnl that pracjtically all work is pi(*cfvwork, and is done 
by workin(‘ii who have no strong piTsonal interest in the high character of the work 
turned out-, '^riicy arc^ not only careless, but they have a personal inc(»ntive to do their 
work hurriedly and are uinler (constant pressure of thf*ir superiors to 'g(»t out the ton- 
nage*.* It. is work as dofie by the workm(*n that requires t horough and carc'ful inspc^ction; 
and it is fair to stale that the* attitude of the nianagcanent s of a great majority of inanu- 
facturei*s is to support, such inspertion, when it is done by an int(*llig(*nt and exjMTienced 
inspector who so adapts his inspection jls to discovcT d(*f(*cls and errors as early in the 
work as possible*, and who co-operat(\s with the* management as to the output of good 
work with the least expense to the* manu factum*. 

“An important feature of the supc'rvision of manufacture is the value of having a 
repres«*ntative at the* [)oints of m:inufac*ture, whereby the* progress of the work is known 
and the shipmcfit of the* finislu*d product can be luul at the time and in the order 
ncc(*ssary for e\p(*ditious and (‘conomical ercH'tion. 

“A further reason for r.u(!h supervision by insp(*(!tion is in having a record whereby 
the (juality of rnatc*rial and workmanship is attestc*d to and may be us(*ful in placing 
the r(*sponsibility for sribse<iu(*nt possible failure or in relieving from responsibility 
those int(*rest(*d who should prop(*rly relic*ved from the* same. It is not inconceivable 
that an Engin(*(*r or Architect who fails to provide* for tlu* sup(*rvision of manufacture 
may be held responsible for damage or loss of life resulting from any failure at erection 
or thereafter. 


“Functions of tiik Inspectinc Knoineeh 

“Sup(*rvision of tlu* manufacture may be made by employees of an Engineer or 
Architect or l)y the (*mploymcnt of Inspecting lOngineers who make a specialty of such 
work. Tlie r(*asons for the exist (*nce of the? latt(*r an* primarily that tlu* manufactun? 
of struct.ural in(*talwork is conduct(*<i at various rolling mills and at one or mon* fabri- 
cating plant.s, is in progress at. sev(*ral points at the sana* time, and is frecpiently inter- 
mittent. If an lOngineer (»r Archit(*ct usf*s his own emf)loyc*('s for this work, it is essential 
that s(*veral men be (*nii)loyed; and then* is, con.s(*(iuent ly , much waste* of time and of 
traveling exp(*ns<*s. To meet this situation, the ind(*pend(*nt ln.sp(*cting ICngineer estab- 
lishes an organization of exp(*rienced men who are i)(*rmanc*ntly lo»*ated at the various 
manufacturing cc*ntn*s, and, by competent supervision of their work, makes use of 
their time ov(*r a number of contract.s, thereby tending to etficiency and economy. 
Such a con(!c*rn, pr(*sumably, hjis a wale knowledge of shop methods and a personal 
ac(]uaintan(;e with many shop managers, and from experience is able to handle the 
defects arising during manufac.t me with some iu.lvar.tage of practical knowleclge, as 
compared with the designing Engin(*(*r, iiiul hius persomd acqujiintiince iind constant 
business rehitions with the shop mcnageinent. 

“It should bo iippreciiitcMl that inspection is not insurance. The inspector is not 
responsible for the (k*sign, sp(*cifi(*ations, sufticieiicy of tc'sts, or the shop miinagement, 
but is an expert witness whose? duty it is to st'c anil report (?onditions and to conduct 
supervision in such a manner as to improve the chanicter of the niiiteriiils iind workman- 
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ship, and give an accurate record thereof. The n'sponsibilify for compliance with plans 
and specilieal ions and general good practice rests primarily with the C^ontractor. The 
responsibility of an inspector is for intelligent and faithful sui)ervision and accurate 
record in accordance with the established and specified practice of tests and standards 
of workmanship. 

*‘The position of the inspi»c<or is that of an employee to the Engineer or Architect, 
who, when he uses such employee, is himself Inspe(;t ion lOngincer :is well as the designer 
and supervisor. If Inspecting hhigineers have charge of the work, they arc the Asso- 
ciates of the EnginetT or Architect in something of a professional capacity. In eit-hcT 
case the (piality of inspection is evidently di‘ix‘ndent, as is all professional work, upon 
the character of the men on the work; and it is unavoidable that the character of the 
men is dependent upon the compensation allowed. 

“Quality of Inspection 

“From the above it will be appreciate<l that the quality of inspection must, according 
to the same rule* as applies to all business, be in direct proportion to the compensation. 
To be of genuine value, inspection must be constant, intelligc'iit, and complete. A 
final inspection may determine the sat i.'ifactorj' conipliam'e with the contract, but 
cannot, generally, secun* the satisfactory corrc‘ction of errors, and certainly cannot 
prevent them or tend to tlu* improvement of the work. ^Fhe tests of quality of inspec- 
tion arc the experience of the m(*n directly on the work, the time spent on it, and tho 
quality of the final record. '^Fhese tests ajiply ecpially to the work of dirt‘et (‘inployees 
and to that of Inspecting Engineers. Tin* latt(*r may propiTly make a profit from 
the favorable combination of work at rolling mills and fabricating plants or manu- 
facturing shops, and from the saving of time and traveling expense's; but any profit 
from the neglect of work by insuflicic'iit attention or from the employ m(*nt of umh'r- 
paid em])loyees is impropc'r. 'Fhe Architc'ct or Engine(‘r, if hc^ desires to sc'curc the 
best insp('ction by Inspection Enginc'('rs, should dc'cidc^ upon the expc'rience and repu- 
tation of the firm with whom he proixjses to deal, should knyw the exp(*ri(*nce of the 
men to be employed upon the work, and should critically examine the charac'ter of 
the record funiished him. Ih? may properly demand infonnation as to the time of 
the men employed upon the work. 

“Metiiod.s or Payment 

“The usual method of payment for in.'<pection services when clone by Inspecting 
Engineers is at a price per ton. This always should be? i)er ton of m:it('rial or work- 
man!«hi|) inspected and not per ton acceptcnl, for the reason that it is uiidc'sirable to 
put a premium upon the accc'i)tancc of work which rna}' be defc'ct iv(' or doubtful. With 
knowledge as to the quality of inspection, as iiotwl above, the method of j)ayment by 
tons inspected is satisfactory; but if an Enginc*er or Architect is doubtful as to the 
character of the work that Ls to be done, he may arrange; his tcTins on a basis of the cost 
of the actual time of the men ernploycMl on the vork, plus a pc'rcentage to the Inspecting 
Engineers for organization and supervision. 'Fhe last course la; should take is the 
placing of inspection work under competition to the lowest. bid(h;r. Such a cour.se 
must mean not only his willingiH\ss but his demand for the lejist attention by the lowest 
salaried men available. This methcKl is a favorite one followcMl by Purchasing Agents 
of large cor|K>rations; and it is invariably unsatisfactory. A moment’s considcTation 
wfill convince any one that the proportion of pn>fit to inspectors must remain the; same 
or increa.se, whereas the proportion of loyalty and con.sciencc must diminish. Payment 
for inspc(!t ion Ls not a part of the; obligation of the EngincK^r or Architect, but is that of 
the Owner. The strong Engin(x;r or Architcc^t will not evade this question, but will 
cither demand that the Owner make such provision and leave to the Engineer or Archi- 
tect the right to choose his associate; or he will provide in the specifications that the 
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inspection shall be paid for by the Contractor as a part of his work, but shall be arranged 
for by the Engineer or Arcliitect at a sijecified price, and that the Inspectors shall bo 
responsible solely to the Engineer or Architect.” 

The following are the author’s general instructions to his inspecting 
bureau concerning the inspc^ction of metalwork at mills and shops. 

First. Study carefully the Engineer’s drawings as soon as they are 
finished, and make out a list of si)ccial points and features that will re- 
(luire extra care in the shops to secure good workmanship and proper 
fitting, then prepare a tyixjwritten report of these and submit it without 
delay to the Engineer. 

Seco7id. Study carefully, as soon as they are finished and approved, 
all shop drawings, so as to become thoroughly familiar with the entire 
constru(!tion. 

Third. Make sure that metal of uniform (character and of the strength, 
elasticity, and ductility specified is furnished by the rolling mills, follow- 
ing the metal from one process to another from start to finish, and making 
sure that the t('st-i)ieces brokem rejirescnt correctly the metal they are 
supposed to repr(\s(Uit. 

Fourth. Check the (!henii(?al analyses of the metal o(?easionally, so as 
to see that they are properly made, taking (*are that the (yontractor is 
informed as to what pi(M*e the samples are taken from, so that he can 
make a check test, if he so desire. 

Fifth. Se(^ that all the various tests indicated in the specifications are 
made faithfully, the numbcir of same depending upon the relative uni- 
formity of the metal •furnished. 

Sixth. Make sure that all the punching is done with such (Jare that 
Mie assembled parts will come together so as to (\ause the rivet-holes to 
mat(;h so ac(!urately that when the reaming is finished there shall be no 
irregular holes. 

Seventh. Make sure that all pieces are cut to exact length and proper 
l)evel, that all web-stiffening anglers bear perfectly at top aiul bottom 
against flange angles, and that theni are no loose rivets. 

Eighth. Wherever rivets with flattened heads or countersunk rivets 
arc (failed for, make sure that they are pro|K'rly chippc'd or otherwise 
brought to correct dim(*nsions; also soe that the ends of all mcfinbers are 
limited to the lengths b(\yond the last rivc^t or pin hole shown on the 
drawings, (five particular attention to th(» ends of all posts and chord- 
members to see that the “oviT-all” and thc^ clear dimension^ between 
jaws corrc'spond faithfully to those indicated on the drawings. 

Ninth. Take some effeedive means of ensuring that the entire work 
shall go together properly and without difficulty during erection, and so 
that when cornphited it shall conform in every particular with the Engi- 
neer’s design, even if, to accomplish the sjime, it be necessary in special 
cases to assemble the entire work at the shops. 

Tenth. Watch carefully the punching and the handling of the metal 
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in the shops, so as to see that no cracks develop therein, and that it with- 
stands proi)crly the manipulation, showing as perfect homogeneity Jis is 
found in the best structural steel. 

Eleventh, Condemn, as soon as it is discovered, any material unfit 
in the slightest degree for use in the structure, no matter how many times 
it may have already been insiDccted and passed. 

Twelfth, See that all metalwork is properly cleaned by the most 
approved methods and apparatus before the first coat of paint is applied, 
and that the latter is allowcnl to dry thoroughly before the metalwork 
is loaded on the cars for shipment. It is of vital importance to the life 
of the construction that the metal Ik? cleaned effectively and thoroughly 
dried before applying the paint; and the lnsfK?ctor should at all times 
use the utmost vigilance to make sure that this is accomplished. 

Thirteenth, See that all shop painting is thoroughly done, and that 
proper paint, mixed so as to comply with the specifications, is invariably 
used; and make an occasional chemical analysis of the paint, taking care 
that the Contractor is notified of the contemplated test after the samples 
are taken, in order that he ma}’' make a clu'ck analysis, if he so desire. 
Take special care to prevent any i)ieces of metal from being riveted to- 
gether, unless the contiguous faces b(‘ first thoroughly paintcMl. 

Fourteenth, Should any employee of tlu? Aranufacturing ('oinpany 
wilfully violate or continue to violate the si)ecifications or the instruc- 
tions of the lOngiiieer or his Inspector, bring at on(*e to the attention of 
the said company the fact of his so doing and re(iU(»st that he be discharged 
from the work in (piestion; and if the reqiu'st be ignored, r('iK)rt fully 
in writing or by telegram concerning th(? matt(T to the KngimHT. 

Fifteenth, AVhile endeavoring in ev('ry possible way to obtain good 
work, avoid as much as possible doing an^dliing to aiinoj’^ or harass the 
Contractor; but, on the contrary, take special i)ains to aid him in every 
legitimate manner to finish his work quickly and in('xixMisiv(4y. 

{Sixteenth. Formulate and prepare for ea(;h large; pi(;c(; of work the 
best practicable method of r(;cording progr(‘ss and n^porting tluTeon, and 
divide up the total we^rk into groups or s(;ctions so tliat the notes may 
be easy for ref(‘r(‘nce. This should lx; done by the inspecting bureau, and 
should not be left to the; shoji insfK‘c.tor. 

Seventeenth, S(;nd into the; office of the; I^ngin(*er n^gular weekly re- 
ports concerning the progr(*ss of the work, any special reports that from 
time to time appear to lx; r(;(iuired, the tabulated results of all tests of 
materials, and copies of all shif)ping bills. 

Eighteenth, Make sure that all shipping weights arc correct by seeing 
the metal weighed, and keep account of the weight of all metal sent out 
on the work, as the (Contractor will be paid by the pound. It will be 
necessary for the inspecting bureau to check all of these weights against 
the shop drawings to show how they agree or disagree. A detailed state- 
ment of both sets of weights must be sent to the Engineer upon the com- 
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pletion of the (lontract, or at his request, upon the completion of any 
definite portion thereof. 

Nineteenth, The inspecting bureau shall, under no circumstances 
whatsoever, (mtrust responsible work of any kind to insufficiently trained 
assistants. When new inspectors are to be broken in, they must ^cceiv(^ 
their training in such a way as not to jeopardize in the slightest degree 
the quality of the? material or workmanship. 

Twentieth. Finally, and in short, do all you (?an to make the struc-, 
tuni in every sense of tlie word a credit to all concerned in its designing 
and construction. 

The preceding instriuitions arc those from a consulting bridge engi- 
neer to his inspecting bur(;au, and arc of a more general nature and, nec- 
essarily, much less detailed than those from such a burciau or an inspect- 
ing ('iigincor to assistants in the rolling mills and bridge shops. In order 
to illustrate (Ik^ latter, the author, notwithstanding the risk he thereby 
may run of being accuscMl of a certain amount of repc^tition, reproduces 
in full the excellent instriK^tions of Mr. Long to his assistants at mills 
and shops, also the ('(pially good om^s of Mc'ssrs. Hildreth & Co., and of 
Messrs. Robert W. Hunt & Co., and siipph^ments them with certain 
('xtracts from similar instructions by Mc'ssi's. Colby & (,^hristie (as pre- 
pareil by th(*ir consulting ('nginecT, Mr. SehiKuder). A perusal of all these 
instructions ought to suffice to post the read(T thoroughly as to all the 
imi)ortant d(‘tails of metal insptHition at rolling mills and bridge shops. 

Mr. Iiong\s instructions read as follows: 

^Tn tlu' inspection of mill and shop work the Ins])cctor should know what faults 
to look for, ami how, wh(T(', and wlicn to find them. Ho slunild bo thorougldy con- 
vorsanl. with th(^ im'thmls of th<' shop or mill in which ho is msp<»oting, and .should 
arrange his in.sjjoction .so as to follow the work in all stages of its progro.ss and know 
what, is b(Mng <lono in (*v(*ry <loi)artmont. 

‘^Tho sooner h(' detects defective material or bad workmanship, Uki better it. is, 
ami the easier is the remedy. Ho should make a point of knowing the duticis of the 
dilTc*r»Mit men in the mill and shop; and he should take up points relative to his work 
rejections or improvements with the proper persons and in the proper way, and should 
see that all necessary orders an^ given and carried out. 

‘‘Mill Wohk 

“1. Study of Spccifiratious. 

“Study c:ir('fully the specifications for character of steel, and mark iinything in them 
that is unusual or liable to eausi* ext ra w'ork on the part of t he mill to live up to. (Consult 
with the Enginc'er or main office on such point .s, and have a clear understanding of 
what is waiiUnl before the* work begins. 

“Make an abstract of the spevificat ions, showing physical and chemical n'quirc- 
ments, and tests demanded by the Engineer for the il(*t(M*mination of the same. This 
abstract should be copied in the Inspector’s note-bin^k for ready reference. 

“2. Order Sheeta of Mater Ltd. 

“The draughting room should supply the Inspector with a copy (in duplicate) of 
order sheets of material, containing estimated weights and all information necessary 
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to enable the mill to fill the specifications. When the Inspector receives these, he 
should see that the proper information is on them; and he should look over them in 
connection witii the drawings, and should note on the sheets in what part of the stnic- 
ture the material is to be used. A good many draughting rooms make a practice of 
putting on each order sheet the part of the structure for which the material is intended. 
This is a good prai^tice; it gives the draughting rfX)tu very little extra work and facilitates 
the checking of the* material and reference thereto. 

“The Inspector, by knowing where material is to be employed, is in a position to 
use some discretion, and he will not reject material such lus fillcT Platt'S, stilTeners, and 
the like on account of their bt'iiig slightly out in some of the requirements. Work is 
often needh'ssly dt'layed anil great inconvenience occasioned by the rejection of material 
that is better than the work it hjis to do requin's. On the other hand, he will mark on 
the order sheets the material on which the life of the structure depends, and will insist 
on its filling the requirements in every respect. 

“3. Know the System of the A fill. 

“The Inspector must know the system of work of the mill, and must satisfy himself 
that the methods employed are such as to prevent the mixing of heats, and that they 
will insure the knowing of thi' h(*at of the finished material. Some mills kec'p a very 
close and exact track of all heats used, while others an^ inclini'd to bi? cari'li'ss. If the 
methods employed by anj’ mill are not sufficient to keep the heats straight, the lnsi)ector 
should work with the Superinti'iident to bettor his s^'stem, or should follow this part 
of the work closely himself, so as to insiure the accuraijy of final results. 

“4, Selection of Tests and Identifying Material. 

“The Inspector should determine from the mill what material for his work is rolled 
from each heat, and should then select ti'sts so as to represent tlu' different sections 
rolled; for the working of the stivl greatly affects the physical propi'rties of the finished 
bar, thick metal giving different results from thin. 

“It is the Inspector’s duty to know that te.sts for the material are cut from sections 
of the same heat that they represent. All finished material shouhl be stampiMl with 
the heat number of the steel from which it is made; and when the material is cut up, 
these numbers should be reproduced on tlu? shorter lengths. The heat from which a 
piece is made can then be identified at any time. 

**5. Making Physical Tests. 

“The Inspector should see that the test pieces are properly prepared and of the 
size required. 

“a. Tensile Tests: In test for ultimate strength and elastic? limit, the Inspector 
should satisfy himself that the machine is ccjrrect and that it is propc'rly operatcHl. He 
should chc?ck the dimensiems fcjr the determination of c'longation and contraction, and 
should always observe the fracture. In case* a tc'st piece should fail on account of a 
local defect, or on account of breaking in the grips of the? testing machine, a retest 
should be allowe?el. 

“b. Bending Tc'st (Cold): The bending of tc'st pieces can be performed in the 
W’ay most' e?onve?nie!nt to the Manufa(?turer, but the?y must be flattened elow'n to the 
amount re?(|uire?d in the spccificiations. 

“c. Bending Tests ((Quench): In the? csise of quene*h-te'sts, the Inspector should 
sec that the spe.’imens are heatcxl properly and that the wate?r for quenching is of the 
spee*ifie'd temperature. The int(;ntion of this test is to show whether the? stc'cl, in case 
it should be heate?d to a reel heat and suddenly c'ooled, would be?come so britt le' as to 
rcndcjr it unsafe?. In some case?H this test tends to w’ater-anneal the sten'l; but, as a 
rule, it hardens it. If this test be conducted improiM?rly, the stc?el will be cither an- 
nealed or rendered worthless. 
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“d. Hot Tests: In Ihe case of hot tests the Inspector must sec that the metal is 
at the specified temperature while being bent or hammered. 

“e. Drift Tests: In making drift tests, the hole should be punched at the specified 
distance from the etlge of th(i i)iecc to be tested, and a drift pin of proper taper should 
be used. 

Special Tests: Other tests, som^^timcs required, such as op(ming and closing 
tests, flattening tests, breaking tests, tomional tests, impact tests, fracture tests, etc., 
must be made in strict accordance with the specifications. 

Chmical Tesla. 

‘‘The mill should supply the Inspector with a full (chemical analysis of each heat, 
which he is at Iibi‘rly to ch('ck at any time by making his own analysis. In case check 
analyses an* taken, the MamifaclunT should bo allowc'd to make; analyses from the 
same drillings as used by the Inspector. Wh(*n the specifications reciuiro chemical an- 
alys(*s of the finish(‘d mat (‘rial, the* drillings for th(*s(‘ analyses should be made, in the 
pres(*nc(‘ of the lns])ector, from oik* (‘iid of the fract lin'd tc'nsile test jiiece, and the 
Manufacturer should be allowed to make analysi's from the same drillings. 

“7. Report of Teals. 

“After all the mat (‘rial for an ord(*r is rolh'd and tested, lh(‘ report of t(‘sts should 
bo mad(‘ in such a form that it can b(‘ (‘:usily n'fi'rred to, and so that the material used 
in any part of the structure may he ich'ntified. 

“8. Surface luspeetiou. 

“Th(‘ amount of inspection giv(‘n in the mill is controlled to a great ext('nt by the 
sp(‘cifications. Souk* specifications r(‘(piir(‘ the watching of the st(‘(‘l from the time 
the raw material is |)ut into the n'ducing furnace until it g(‘ts its final shap(‘, and that 
after it is rolh'd to its final shap(‘ (‘ach bar is to Ix' turiu'd and examiiu'd and the heat 
luimbi'r identifh'd. For the turning of mat (‘rial all mills have combined on charging 
$2 (‘xtra a ton. 

“If (‘ach individual pi(‘C(‘ is not ('xaminc'd, (‘ach s(‘ction sliould be inspect (‘d, to 
see if it has l)(‘(‘n rolh'd true and to gaug(‘, that all fillets an* w(*ll formed, that the w(‘b 
is smooth and frei' from buckh's, and that tlu'ro are no lumps or unevennesses (due to 
defi'ctive rolls) which will interfen' with th(‘ ass(‘mbling. This insju'ction insun's the 
section being good, and that individual def(‘ctiv(‘ bjirs will be s(‘(‘n and reject (‘d during 
the shoj) inspi'ction. In cas(‘ bad b.ars are seen while insp('cting mat(‘rial in lots, they 
should b(! thrown out at once; and if tlu're are iimny bad bars, either all the inati'rial 
should be ivjected or cjich individual piece should be turned and inspected- 

“D. Inspedor\'t Xole-Jiook. 

“At the toj) of the pag(‘ put. the name of the structure, and und(‘r this the order 
nurnlu'r or any other nunilx'rs that may be us('ful for reference. Then writ(‘ an abstract 
of the spr'cifications. la'ave the n'ln.Miiuh'r of the ])age and the lU'xt page blank for 
any s])('cial iTin.arks or mo(lificati(ms of the sp(‘citications. On the following pages 
mak(; a classifi(‘d list of mat (‘rial r(‘(piir(‘d; the dilTerent sections Ix'ing placi'd in a column 
on the left side of the page, with the ri'inaiiKh'r of thi' i)age to the right blank for insert- 
ing jjn^gress data, such as: S(*h('duk‘(l time fi i- rolling, date of t(‘sts, heat numbers, 
etc. When all the mat(‘ri:il of a r(‘(|uir(Hl .section is rolh'd, run a p(aicil line through the 
item. 

“The advantage of a W('ll k(^pt and .siiiqdy arrangc'd not (‘-book is to :wld systt'in to 
the work of inspec'ting, and to enable the Inspector, at any time, to know the exact 
condition of the work in the mill. 

“10. (Jherkiug anti Rerortling Shipments. 

“When mat (‘rial is shipp(‘d from the mill, the lnsp('ctor is to check the shipiiM'iits 
and is to receive copies of the shipping bills, containing sections, weights, lengths, and 
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heat, numbers. After assuring himself that these bills arc correct, the Inspector is to 
check oil on the order shec'ts the material shipped, and is to put on them the heat 
numbers and dat*' of shipment, and Ihc'ii Ls to company the actual weights with the 
estimated weights in order to see that the material is rolled within the allowable weight 
limits. By referring to the order sheets at any time the Inspector can determine what 
has bc'cn shippe»i and what is still due on the order; and when the onler is completed, 
he has a full account of the heats used and the amount of material in each heat. 

“11. The I nspcctor should not allow any malcrial to he shipped until after it is tested, 

“12. liejmrts. 

“Reports of mill work must be made at the end of each week and should state: 

Total estimated w(Mght of material on order. 

Total estimated weight of mat(Tial rollwl or shippcnl. 

Total actual weight of material rolkn.! or shipped. 

Sections rolled and tested and weight shippcMl during the week. 

What sections are expect eil to be rolled during the following week. 

Remarks 

“In cas('s wlu're (Migiiu^ers want rc'ports in different forms, the character of the re- 
ports must be chaiigt'd as recpiired. 


“Shop Work 

“1. Study of Blue Prints, 

“Before the shop work commences the Inspector must be provided with a set of 
prints, approved by the KngiiuMT in charge of the work. On tlu' receij)! of these*, he 
must first study the general plans and obtain a cl(*ar idea of the structure* in its entire*ly. 
lie must then study carefully all points anel eletails in connc*ctie>n with the s|)e*c*incations 
and see that all note*s ein prints agre*e- the*re*wilh; for the*se ne)le*s are the* instructions 
to the simp as to how the work shall be elone. He* should make a ine*ine)randum, to 
be submitted to the* lMigin(*e*r, of all points of elisagree*me*nt. be*twee*n elrawings anel 
specifications. He? should also, in studying ove'r the details, make ne)tes on the* prints 
of any points where <lifTicultie*s in const nie*t ion are* liable to arise*, and e)f sue*h de*tails 
as must be absolutely ce)rre*ct, ami should ele*vise; me*fhoeis e)f clie^cking and insuring 
their accuracy. In e*ase*s whe*r(* stanelarel cemnectiems are* ne)t use*el (in be»am ami angle 
work), he shoidd make a mark on the print to emphasize; that fae*t. Where* see*tie)ns 
are given in pounds per foot, lie; sheadd put em the print the thie*kne;ss, so that he e;an 
check uj) the saiel se'ctiems eluring inspe*ction. He sheadd ne>te on the; prints the clear- 
ancc*.s allowed so as to be sure that the weirk will go togethe*r pre>p(*rly. 

“2. Preparing Material for Shop H and iMying out Work. 

“All se*ctions should be; straight be*fe)re any work is laid out to le*mp1ate. The 
tcmplate*s sheadd be; made e)f at. le*ast ^ 2 ' plank; and in e*ases whe*re* a temjdate* is built 
up, the ditTere*nt parts shemld be se;e’ure*ly feustencHl toge*the*r, so that. the*re' is no chane;e 
of its getting out e)f shape*. When a in(*mbeT is being laiel out, the; t4‘mplate*s must be 
in true alignme;nt anel firmly e-lampe*d te) it. The center pum*li sheadel fit the hol(*s in 
the template snugly; and it sheadd be hit with sufficient fe>re*e* te) make a we*ll define;d 
centre mark. When the; tr*mplat.e; is rf.*me>ve*<l, all e;e*ntre; marks should be marke;el 
with w'hite le;a.el, anel the le^cation marks should be put on the nuunber. 

“13. Punching. 

“The; elifference in size between the; elie and the punch should not exceeel the fe)lle)W- 
ing limit: fe)r puneddng metal up tei thie;k, anel •^/.32“ for thicke;r me‘tal. 

The punch anel elie* shejuld be w'ell fe)rme;el and smexith, anel the punched holers should be 
free from jaggexl eeJges and excessive burring. 
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“Whero reaming is not eallccl for, the material should bo so puneluMl that the burr 
end of the hole, wherever possible, will be on the outside aftcT iissembling. AN’hcro 
reaming is called for, the burr end of the hole is to be considered iis the puiicIkhI diameter 
of the hole. 

“During the process of punching the Inspector can d(?tect any lack of uniformity 
or undue hardne^ss of the iiK'tal by the way it punches, anil cjm also dotiTinine whether 
the steel is being cracked or injureil. Any sections that have been bent by imni^hing 
must be stniightened, and any bad burrs or roughness of the section that will interfere 
with assembling must be chipped oil. 

“4. Asscmhling, 

“ Before any work is assembled the Insjwctor must see that abutting surfaces are 
cleancMl of lumps, nist., and dirt, and that they are w(41 painted with the specified paint, 
and also that all surfaces that, will he. inaccessible after assi*inbling an* properly clemmed 
and paintiMl. Ho must b('ar in mind that this is th(‘ only proli'ction these surfaces 
w'ill (*ver receive, and that the jiropiT painting of them is of more importance than the 
outside painting, which can be ri'cleaniHl and paint ihI wh(‘n di'siriHl. 

“He should watch closely all the work of assi'iiibling, and should sei' that proj)er 
mi'thods arc emj)loy('(l to insure connections being propc'rlj' located and adjusted. 
After the work is assi'inbled and befon* any riveting is doni*, he should see that all 
abutting surfacf»s arc drawn tightly together, that the' hole's match we'll, and that the»y 
are' prope'rly reame'd, so that the're' will be' no shifting e)f tin* work by the* use of drift pins. 

“ In re'aining hole's the reanie*r should be* ke*pt pe*rpe'nelie*ular to the fae*e of the metal 
that is be'ing re*aine*el; and abutting mi'inbei’s shoulel be se) tightly bedteel together that 
no burr will be feirniiHl be*twee'n them by the reamer. In the e*ase of mae*hined surface.s 
where full be'arings are re*eiuireel, the Inspector shoulel se*e that the work is elrawn up 
tight, anel that the full value* of the be*aring is e>bt allied. Before any riveting is done, 
it is well to check u}) the work as much as possible. 

“5. Riveting. 

“The rivets shoulel not be more than ^/ir>" less in diami'tor than the eliamete'r of 
the iinisheel hole's; and thi'y should be of (he* pre)])e'r lengths. They shoulel be prope*rly 
he*at('el, anel ilrive'ii before the'y are* allowt'el to e*(M)l. When (he me'lal to be rivi'ted is 
thii'k, sjK'e'ial care* .should be taken with the riveting, ’^riie he'ael enel of the* rive't shemld 
be he*ate*d more than the ])laiii I'ud, so as to e*ause' the he'ael I'uel tei upset bi'feire (he 
enel em whicli the he*jid is tei be* feirnuil, anel thus fill the hede* complete'h'. On ace*e)unt 
of (he ameaint eif e*old ine'tal all areiiuiel the rivi't, which e*.*ius(;s the latte*r te) e*ool rapielly, 
it .shoulel be* elrive'u as .sesin as it. is jmt. in place anel be'fore* it has time te) e*ool. The 
pre's.sure! sheiuld be ke*])t e)n the rive*t. until it is sufiie*ie*nt ly e*e)lel te) t:ike a se't. 

“'riie Inspe'cte)r shoulel se*i? that the rive't er is prope*rly eijn'rate'e!, anel that power- 
drive'ii rive't s are* u.sed whe're've*r ])o.s.sible. He .shoulel constantly te*st the^ rivets so as 
to see that the*y are tight. Wlu're rivi'ts have to be driven by hauel, he shoulel test 
all rivets cari'fully, anel .should si'e? that the rive't ing is well ele)ne* in all elitficult places. 
During rive't ing he^ shoulel see that the Avork is not be'ing elrawn out of shape*, nor (,wi.st<*d, 
anel that eH)nne'e;tion.s are ne)t be'ing .shift ixl. 

“Rive't heaels must be we*Il foruieel and in geioel :dignme*nt ; ;ind whe're work is ex- 
]>e)seel, si)ee*ial care must be taken to have the rivets make* a ge)e>el appearance in every 
re.s])ect. 

“0. Facing and Machining. 

“The Inspi'e'tor shoulel sec that facing is ilone whore'vt'r calleel for. He should 
assure himself that the machine useel for fae*ing will give ae*e*urate re.sults, :ind .should 
check up the work, when it is to be faced, so as to see that it is laid out prope'rly. lu 
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casi» whcTc snrfacos arc faccil on a bovol, the binl of Iho facor is tho bost- place to check 
tlie accuracy of the work. 

“Where built, up sections are facc^l, all component parts shoulil be securely riveted 
or bolted together, as near as possible to the fiiiislKMl surface. In other wonls, the 
facing tools should cut tlu-ough all the coin|)onent parts as though they were a solid 
piece of metal. 

“7. Checking MelaL 

“All tlu-ough th(' simp inspection, the Inspc'ctor should lam' with him his note 
book on mill inspection, and should check up the h(*at numbers, in ordcT to assure 
himself that the steel la* testtnl is being ilscmI. In cas«' h(‘ did not inspect the steel 
himsi^ in the mill, a list of the ln*ats testinl and ac(‘ei)t(‘d will be* supplit'd him by the 
inspector who attemh'd to the mill work, lie should also ch?ck up the ditTercnt sections 
by calipering and measuring them. 

“8. Weighing, 

“ Whc*n the work is finished in the shop it should be weighed, and the Inspector 
should check these wtdghts. 

“9. Cleaning nni Painting. 

“All steelwjuk must be W(‘ll cleaned of scale, rust, dirt, and shop gr(*as(', and ])ainted 
with the specifieil jniint . The paint must b»* well rubbtul in, and all cnicks and open 
places mu.st be filled. The Inspector must have (piick na^tliods of det(>rmining the 
character of tin* paint used, and must make what analyses he considcTs necessary to 
determine its <iuality. 'rhe knowhMlge of paints is a study in itself, anil special in- 
formation and instruct ioiLs concerning the specifk'd j)aint will l)e givt*n to the Inspi'ctor. 

“10. Final Checking np and Meatiuring nf ll’er/j. 

“The Inspc'ctor should make a final inspection of the work, and a.ssure himself 
that all dimensions are correct, and that the work will go together without trouble. 
In ca.se where it is viay complicated, it should be assianbled at the sho]), the necessary 
reaming and chipping done, and the dilTen*nt members match-marked. 

“Among other things specially to observe* and check are: d'he dist.ance from la.sl 
hole to end of member, chi])])ing of the countei-sunk rivets, smoothness of bearing 
surfaces where steehvork is to bear on nucsonry-, and tlu* proper fini.shing and smoothing 
up of slotted hole.s. 

“11. Shipping. 

“As material is shippeil, it .should be checkeil otT on the* plans; and the lnspe*cte>r 
should si*e; that it is forw.'irde'd in such a nianneT ::s not to delay the* e>r(*ction in the^ 
fiedil. Often the eanission te) .shiji an impoilant me*mbe*r will e*ompletely block the 
work of erection feir a e*onsideral)lc time. 

“12. Conclusion. 

“Always have yeair w'ork well in hanel; be observant; and if you have any fault 
to finel with the way the work is be*ing done, spe*ak ejf it te) the right partie».s, anel have 
the require*el re»iri('ely in t he* proper way. 

“Re courtee)U.s but firm, anel always minelful e)f yeiur duty-. Do imt ewpect ])e*rfc*ct 
WTjrk, but elo everything in ye)ur i)e)wer te) e)btain the* best re.sulls anel te) make the work 
a credit to all conc(*nieel; anel re*rne*inbe*r that it- is be‘tte*r te) be* re*spe*e*te*el fe)r conscientious 
w'ork than to eatcT for frie*nelships at the ex])e*nse* e)f your e)W'n re*|)utatie)n. 

“Work wdth a vieiw of inerca.sing your fiwn kne)W'le*elge; anel gaining in exp(*rtnf*.ss. 
Make ne)te*s of what you observe anel of all e?xperiene!e*.s gainc'el on each pieeio of we)rk. 

“Ailel te) these instruct ieais any points you think w-ill strengthein them, for tluiy are 
intendeel as a founelation for the attainini*nt r)f the; be*st rc‘sults.“ 
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The following are Hildreth & Co.’s general and detailed instructions 
to their assistant inspectors : 

“Gknerai. Infoiutation to Inspectobs 

“1. Tape, etc. 

“You will be furnished with a stiindanl siend tape and our special stamping hammer, 
for which you will be hedd responsible. You will supply yourself with light hammer 
for testing rivcits, steel straight edge*, calipers, rule, and other ne^cessary tools. 

“2. liaimrt Blfuiktt. 

“You will be supplied wilh a full line of our blanks, and you should sec tliat they 
arc not allowe^l to run out. 

“3. Reports. 

“Progress ^(‘ports must bo made weekly, or according to special instructions. 
Monthly n*poris and check of contractor’s estimates, as jmt sp(*cial instructions, final 
re'ports as indicat e< I later. Press or carbon coph's of hitte'rs and carbon copies of 
n'ports should be* kept. A diary of e*ae*h day’s insp(*ctie)n should be kf*pt fe)r purpose*s 
of weM'kly aiiel final re*ports. All re*p<»rts shenild be* ne'atly inaele out with e*opying peneril 
se» that we may make? a j)re*ss ce)i)y anel fe)rwarel original to our clients. Where more 
than one e.*opy is re;eiuired make extra carbem copie's. 

Lv.sckotion of Matkuial 

“1. Ifonvsiy of Mi!L 

“ Must be? e*e)nstantly checke*d as rc‘gards ste)ck us(*d and me‘t bezels e)f ])iling, e>r easting, 
bl(»ofning, rejlling, ide*ntifying with melt nuiiibe*rs, ))re*paring lest piece's, weighing, etc. 
All test spe*e-iinens must bo known to reiprcsent material inspected. 

“2. Physical Tests. 

“When ])eissible, shemld be niaele befeire* surface* inspect ieai ; must, in all cas(*s be 
conduct (*d ])e*rse)nally. Drifting and be*nding te*sls are* as impe>rtant !»s tensile* te‘sl.s. 
All su<*h must be re*pe»rtcd by e)ut lining em re*gular fe)rin. Punching, forging, and either 
spe*cial tests, as pe*r special instructieiiis. 

“3. Chvmical Tests. 

“Mill te'sts must be repeirte'd and aerurae'V fiTepiently inve*stigate*el. Where inde- 
jiendcnt tests are tei be*, nuule, samples must be taken perseinally. 

“4. Surface Ejcamitialum. 

“lOve'iy pie*e*e* must be* exainine*el fe>r .surfae*e elede'cts, se'ctiein, anel straightness :is 
far as mill fae*ilitie*s p(*rniit, and if ce)mple*te*ly in.spe'e*t e'd anel ae*e*e'ptable, iele*nt ifie'el by our 
spe'cial stamp, otlu'rwise* neit stami)e*d. rnive*rsal mill plate's sheaild ree*e*ivc special 
atte*ntiem anel, unle'ss j)e*rfeclly straight, mu.st be trie*d wilh a ‘line.’ Do neit allow 
variation e>f meire* than } eif an inch in 30 ft. Se*e*tie)n shoulel be e*he'e*keel with rule anel 
e*alipe*rs, anel if tlu're* is any susjiicion of light wedght, jiie'ea's shoulel be* weighed. Lists 
of piece'a ae*e*e*]ite'el eir re*je*cte*el sheiuld be maele on ‘Mate*rial Uepre*se*nteel’ blanks. 
Such lists sheiuld be e;e)mpare*d at the lime with shipping cle*rk's list anel later with 
iiivoie;e*.s. You are? to ele'inanel iireipeT fae-ilitie's fen* inspe'e*t iein during ela^dight; if such 
arc not furnisheel, you will make the best inspectiem peissible anel report, the facts. 

“5. Shijnnents. 

“Repeirt all shipme'iils as ])er blanks, anel senel us ce>i>ies of shipping invoie*es. In 
the event of shipment without insiiection, or of re*je*cteel material, advise us at once. 
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{riving date and car number so that we may make proper arrangements for inspection 
on receipt at shops. On (jomplction of each order rectum order sheets to us checked 
oil showing t.hat each piece has been accounted for by melt number. 

*‘6. General. 

“In the interest of clients and of the bridge shops, you should make special efforts to 
facilitate rolling and shipping, and should sec that rolling for it(»ins for your orders is 
completed before' rolls an* changed and that other orders arc not allowtHl pn'ferencc. 
Give special attention to following up odd items in list., or arising from condemnation. 
Advise us promptly of any unreasonable delays. 

“Gexeual Ixstuuctions to Shop Inspectohs 

“1. Ch('ck the shop drawings for clearances, and estimate' the weights, when so in- 
stnicted, in advance of niaiiufacturo, rc'porting ri'sults to us bc'fore shipiiK'nt begins; 
see that every dimension which in any w:iy affects the' asst'inbling of the work at the 
site is correct; that all clearances are ample and that the drawings which you arc using 
have bt'c'ii approv(*d. 

“2. Prior to actual ins])ection, you should carefully comiKire your tapeA\ith the shop 
standard, note the differences, if any, at. each even live feet, and thereafter make the 
prop('r allowanc('s for all measun'inents. 

“il. You are to kt‘(*p in close coininunication with us, not only through report forms, 
but also should con.sul( us fretiuenlly rt'garding the standing of shops, sh«)p metluxls, 
and all important, questions arising in connection witli the work. Inasmuch as our 
inspection contemi)Iates con.siderable of our i)ersonal .suptTvision, you should advise 
as to the proper time to go over the work with you and later to see the work at its 
most iinportaiit stages. This is particularly intendetl to ai)ply to important rivetc'd 
and sk(;w spans, draw spans, and tiinitables. 

“4. Wlu'n'as your authority <Uh's not extenel o>ver shop motluMls, good inspc'ction 
requires the pn've'iition rather than the' m(*re eliscovery of (h'fc'ctivej workmanship, 
and it must be conducted with judgment to anticipate poor work. It is also your 
duty, second only to that to our clients, to save' contractors all n*asonabl(! expen.sc' or 
delay; and you must conform to their right to prompt attt'ntion and your jm'sencci 
during working hours. In the interests of all parti('s concerned, it is necessary that 
you give the work constant supervision and conduct the inspecition with foresight 
and tact. 

“Ix.sPECTiox Dunixo Maxufactuke 

“You .should read carefully all specifications as soon as receivi'd and make note 
of important n'quirenients. Do not as.sume tliat all sjM'cifications are alike and that 
general shop methods are acceptable. You shoukl keep a clo.se watch on all details of 
manufacture, giving particrular attention to the following points: 

“1. Y'oii .should begin work with tlH^ template and jiattc'rn shops, particularly on 
drawbridge', .skc'W j^jian, or lattice girder in.spc'ciion, and .should che<-k l(*mplates and 
patterns as far as jiossible, and without fail witness all laying out of full sizinl templates. 

“2. (!areful surface inspection of all mati'rial during handling, punching, and 
as.sembling tq discover defects not found at the mills. 

“3. Watch straight ru'ss of mat ('rial, imrt icularly hc'avy angl(\s after punching. 

“4. SupcTvi.se all punching closcdy; give special attention to accuracy of punching 
and use of proper dies and punches; have special care for cracks (hjveloped l)y punching; 
and watch for evidence; of burnt or ovcT-heatisl .sti'el, condemning such rigidly. It is 
only at punching that slotted holes can be prevented. Punching must be accurate or 
the material mu.st be ri'jc'Ctetl. 

“5. Care at assc;mbling: Matching of holies and use of sufficient number of bolts; 
proper reaming; straightness of assembled members; removal of all burrs; bearing of 
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Btiflencrs; watch for errors at this stage of shop work from not following plans, parfiou- 
larly as to ^rights’ and lefts’ and proper section, errors discovered at this stage of 
manufacture being more etisily corrected than later. 

“6. Riveting at good p^^^ssure and with properly heated riv(;ts. Rivets should in 
no cases be much hotter at points than at heads, as is frequently the case. Inspeiit 
rivets at the riveter whenever possible; always on first part of w'ork and as frequently 
us poasible during progress; the disciplinary effect in improving the riveting being 
much greater than if inspectcKl in the yartl. S(Ki that defective rivets are replaced 
and not squeezed up cold or caulked. 

‘‘Finishkd Members 

“An inspection of finished members should be made as sesm as thi?y Ic'ave the last 
tool and before paint is applied; the following points should recieive your special 
attention : 

“1. Members to be lookcMl over for defective matiTial or dcifc'cts caused in manu- 
facture (split plal(*s, eiuls of lattice or angle bars si)lit), also for beiuing of stiffeners, 
straightness, and wind. 

“2. Uivc*ts to b(j hammer-test fHl and examined for split or wasted heads and 
caulking. 

“3. Measure. diaiiK^ter of all pin holc»s; whether in axis of member or as called 
for and at right angl(»s to axis. 

**‘1. Diameter and length of pins and rollers, — t‘xamine for flaws. 

"5. All length measurements, centre to centre', faced ciul to faced end, anil out 
to out. Dc'pths of chords and girders. 

“0. Main si'ction of all in(*mb(*rs, check carefully to be sure that mat ('rial is of 
correct section and locateil as ri‘<pnr(*<l. 

'‘7. All clearance mi'asureinents where piece's are likely to interfere in the field, 
particularly inside' and outsidi; of chord sections and posts, thickness of heads of eyiv 
bars, etc., cuts of flanges of chords and posts, depth of stringers and floor-beams, etc. 

*‘8. \\'hether faced surfaces are at right angles to axis of member, or are inclined 
at. tlii^ lu’oper angle, if they are beveled. Floor connections not faced off too much, 
giving scant- section. 

“5). Number aiul po.sition of countei-sunk and flat head rivets. 

'MO. Number, size, spacing, and location of all bolt and field I’ivet holes, pin holes, 
or other connections. 

'Ml. Fairing of pieces. This is very imj>ortant through the ease and frequency 
with which mistakes in ])airing are m:ide and overlooked. 

'M2, (fliecking of all corri'sponding field connections (c. g.^ fl(X)r system); get a 
special template from the. shop for this ]Hu:pose when desirable on account of a large 
number of similar connect ion.s. 

'M3, hiye-bars should reci'ive particular attention. All I've-bars of a kind should 
be of same length, back to back of ]>in holt's, although each kind of bar m.My vary from 
length calk'd for hy not more than In addition to li'iigth and pin-hole mcjusure- 

mciits, hetuLs and bodies .should be calipcri'd and measured; and bars, particularly 
heads, .should bi' examinisl wit h tlui utmost care for flaws and japing. No flaws whatever 
in heads should be jxussed. 

"14. Where reqiiiri'd, com|)ression chords should be lined up with splice plates in 
position; turntables of drawbridges, rivet ihI trus.si's, ski'w .spans, .skew portals, or other 
imi)ortant or difficult work should be sissi'inbk'd. Connc'ct ions of all work assembled 
should be match-inarkiHl. 

"15. Marking of pieces shoidd be lulequatc and should be checkiHl. 

"Iff. Painting to be thoroughly done befon; fitting uj:> and on finishcnl work. See 
that quality of paint is iis sj^ecified. 8ec that all material is free from scale or rust, 
and if not, that it be thoroughly cleaned and dry. 
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“17. Weighing should bo known to be oomict, juid shipment should be watched 
to see that pieces not accepted arc not shippixl; also that loading is properly done 
to prevent injury during transportation. Compare tictual and estimated weights 
before shipments l(»ave the works and determine the reason for any dincrcnce. Pieces 
of difTeront kinds must be w’oighed separately. 

“IS. Immediately shipments ai*e made report to us. Keep memorandum of piecos 
and w'ciglits. When final shipment is nuule compare your total for actual W'cight 
with tliat of the shop to see that you have all invoices and advise us, sending invoices 
and your estimate of weights aiul final reiH>rt. 

“Shop Ixsckc-toks* Fixal Repout 
Plans 

** l)esc7iptio7i: As soon as plans are receiveil report a d(\scrij)tioii of work, type 
of structure, pin-connected, riveted or plate girder, deck, half througli or through, 
single or double track (if highway, width), length c. to e. and clear; note if skewwl. 

Malcrial 

“As soon as plans are receiveil we must- have a list of ;dl members, airanged in 
same order as estimated weights. 'Hiis can be taken from the ])lans or geiuTally had 
from the drawing room for the asking. 


Wci(fhls 

“As soon as plans of hrniges are rvccivcd weights must bi* estimatinl and shown 
for difTer(*nt members, grouiied into: 

** (1) Tru.s.ses, (2) Clirders, (If) Floor, (4) Wind Bracing, ('.*)) Pier Members, (0) Field 
Rivets and Misci'llancous, (7) Draw Machinery (need not- bi* estimatcMl unless under 
special instructions). This can be done when list of material is made out, and should 
follow same order. 

“Scale WTights mu.st be compared with estimated weights, and w'cighing must, 
be done accurately, so that such comp:irison c:in bc‘ made. If siweral i)i(’ces are to 
be weighed together, the total must be reasonably proj)ortioned according to estimated 
W'eights and must so cheek. This must not be permit t(‘d for im])ortant ])ieces. At 
completion of job, compare your total w^cight with that of the shop and be sure you 
have all invoices. 

“A/t«/ccr Every QnesUon Beloir Within One Day of Final Shipmenl. 

When Desirable Btale Fully in Detail 

“1. What errors did you find in jdans? How’ corrected? 

“2. Did you exainini; all material and compare with detail plans for size and sec- 
tion during shop inspection; did you condemn any and why? 

“3. Were any errors due to incorrect templates? What and how correctiMl? 

“4. Wjis material straight or straightened before and after punching? 

“.5.- Did any material crack in manufac*ture, and w'as it r(‘placed? 

“6. IIow' accurate was punching? Did you do anything to w'atch and improve 
punching? 

“7. What wa.s the size of dies and punches? h'ull size or sub-punchiKl? 

“8. Weri! .‘isscinbliMl members straight and held tight with suflicient bolts? Did 
holes match retLsonably? 

“9. W'as reaming done? W’ith what kind of tool? How much metal was re- 
moved? Were all the hokis cleaned out? Were burrs removed? Were finished holes 
slotted, and to what extent? 
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“ 10. Did you compare the work with plans at assembling, and did you find any errors? 

“11. How many rivets were replaced? Where wore they lo(;ated, and what was 
the matter with them? 

“ 12. Were any errors found in machine vrork? (Pin holt's, faced ends, etc.) 

“ 13. Were any field connect ions rcnimed to iron tom[)late, and w'hat? 

“14. Were any field connections assembled and reamed? Were they match- 
marked? How? 

“1.5. If a draw-span; W'ere centre and machinery asseinbltHl? How much of it? 
How dill you examine it? What did you find? (State tliis in di'tail.) W'erc assembled 
parts mat ch-markiHl? 

“10. What kind of paint wjis used? How many coats were used at assembling 
and finally? W’as the surface clean and dry? How was irleaiiing <lon(*? W^as painting 
thorough? W^is pjiint dry beforii shipmi'iit? W'as the finish good or stn'riky? 

“17. Did you mak(> final examinations? W’as cv(*ry section of mati'rial as called 
for and corri'ctly locatinl? \Vere members straight? W as gcuiTal appi*arance neat 
anil workinanliki'? 

“IS. W'en^ scali' weights correiM? Did you personally witiies;s weighing? 

“19. How w(*re loading and jiaiiking done? W ere bolts and rivets boxiid? W'^ere 
jdates and lilliTs bundled? 

“20. Clive date when shop work began; also date when final shipment wiis imule.” 

The following tire oxtniets from a letter of Messrs, llobert W. Hunt 
& Co., dated May 3, 191o: 

“ W’e havt* carefully read over Chapter 21 of Dc Ponfihiift on ‘Inspection of Materials 
and Workmanship,’ and believe that your standard instructions to thi^ Inspecting 
Bureau and to the Inspectors employinl to l(M)k after work at mills and shops pretty 
thoroughly covit the essi'iitial features to be lookiMl afti'r. 

“It is, of course, assumed that all inspi'ctors employed on work of this character 
possi'ss siitlicieiit. experii'iici', knowli'dge, and cominon sense', to s(*e that the' requiri'inents 
of the siM'cifii’at ions and idaiis are coinpliiHl with, without going into minute dotaik'd 
instructions. Howeve*r, in reaeling over these paragraphs in !)(' PoNlihiiSf a number 
of important iti'ins, which are not ine'lueli'd thiTciii, suggest themselves, and which are 
very apt to be ovi'rloe>keil by some inspectors, as follows: 

■‘Jl//// I USJHTlttrtt. 

“Familiarize yourse-lf with I’onditions at the' shop anel eneh'avor to e'xpeelite' the work 
by sei'ing that the^ iiiatiTial is shippi'd from the mill in the orelt'r in which it is ni'i'iled 
for fabrie*ation. 

“Supi'rvise the si’li'i't ion anel stamping of test spe'cime'ns anel ve'rify the' heat numbers 
whe'iu'vi'r jn-ai’t ie*abk'. Secure re*e*orils of mill analysis i)romi)tly and chi'ck against 
results of physical ti'sts before accepting the material. 

“hixamine' all mati'rial for sui-fae'C di'fi'i'ts, evielence of excessive' gagging, or injuiy 
line to I'olel straightening; and look out fi>r buckle's in wide* j)late‘s anel the alignment 
of univei*sal jdates, I'hcck the' material for section anel weight, anel do not leave these 
important ek'tails to the loailer or shipping c'lerk. 

“Supervise the^ making of ti'iisile, bending, anel elrifting ti'sts; clie'ik the measure- 
ments of the. specimens, anel see that the testing mae*hine' is properly manipulatiHl and 
that the specifii'il speeel of ])ulling is not exciH'iloel. Chee-k the* re'aelings on the machine, 
and note the behavior of the nn'tal uneler test and the e*haracter of the fracture. Do 
not bo satisfieel simply to accept the miirs record of tests. 

‘ ‘ Shop ImiMriors. 

“Acquire a full knowk'ilge of the specifications anel of the conelitions of the' contract, 
particularly sus to time of delivi'ry, customer’s actual ni'eel of the work, tli'sireel orelcr of 
shipment, and other special features to which particular attention shoukl be paiel. 
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‘‘Co-openitc with I ho nianufacl iirors, aiul endeavor to cnltivato pleasant relat ions 
with the siiperint(»iulent , foriMiiaii, and workmen by displaying fjiirness, dec-isiveness, 
and good scaisc. Try to intc'rest them in (ho siiceessful carrying on and completion 
of the work. 

“AtUaid constantly to the work, making inspection during the progiTss of fabric,a- 
tion, so as not to interfere unnecessarily with the routiiu^ operations of the shop, striving 
to keep up with the output, so that erroi's or def<H*t.s may bt* caught and eorn'cted before 
the work leavc's the shop, thereby avoiding unnect*ssary handling and delay. 

“Study (ho fic'ld connections, paying particular attention to cl(*arances, make notes 
on drawings, and report, promptly any intcn*fei*t»ncc» which may occur. 

“See that, the cornvt siz(\s of punches and dies are used, j)art icularly on sub-])unehed 
work, so that the proper amount of metal is h'ft to be removed by r(*aming. 

“See that all reamcMl holes are true, cylindrical, and not oblong, that burrs are com- 
I)h‘lely removed from the holes, and that no chips or drillings are allowed to remain 
between the contact parts. 

“See that plcmty of bolts are used in :\ssembling so as to draw t.lu' m.atc'rial together 
tight, and that, sunicient pressure of air is maintained constantly for the riv(‘lers jn-operly 
to upset the material, complett'ly filling tlu' holes and producing tight rivets. S(*e that 
the rivet lus'uls are of uniform size and well IiikmI up. 

“Make sure that reaming-templets are properly s(*l. and secured in position. 

“Sec that all spli<'es are pro|)erly fitttMl, and that milled surfaces to transmit blearing 
are in close contact during reaming ami riveting. 

“S(*e that proper camlK*r bloeking is used in assembling girders and trusses, so as to 
obtain the desin»d amount of camber befon* reaming. 

“Make sure that all sjiliced members are plainly ma(eh-mark<Hl, and secure match- 
inarking diagram for all weak which has been tusst'inbled and nviUK^d. 

“Check can'fully size's of pins and pin hoh's, and lx; sure that tlx* latter arc accurately 
bored at right angles to the axis of the' iiH'mber. 

“Look out for twists, beml.s, and kinks in tlx' finislu'd iik'IiiImts, and make suni 
that when leaving tlx; shop tlx'v are in proper condition. 

“Verify the erection marks and see that they are legibh* arxl pul on in sonx; con- 
spicuous place. 

“See that the weights of all main rnenilx'rs, espc‘cially girders arxl other heavy 
sections, are plairdy mai’kcd on the piece for the erector’s berx'tit. 

“See (hat all largt' iixaiibeis, particularly gird(*is arxl clxad sections, arc loacli'd so 
as to be headed in tlx; right directic»ri on aiTival at tlx* site. 

“Make sure that all loose piec(;s are bolted in ])lace for shipmc'ut, as shown on draw- 
ings, and that other small parts are i)roi)erly box(;d or otlxTwise secun'd against loss 
in transit. 

“See that material is loaded in acicordance with instructions arxl shipped in corn'c.t 
order for eri;ction. 

“Examine cars on which matc*rial is loaikKl and see that llx*y are in good or<l<*r 
before being sent out. 

“In case of any dis]iut.e between inspector's arxl the manufactui-er, or any deviations 
from the plans and sfrecificat ions, the work in f|uestioii should be held up arxl the matter 
immediately reported to the Engineers. 

“All drawing room errors, as w(;ll jis shop r-rrors whieli alTc'ct field connections, should 
also be recorded and reported immediately. 

“ (Jenf:ral. 

“ Inspection Hur(;au should employ only first-c;lass men for inspectors, who have had 
experirmcc* and training in the; partirmlar line of work on which they an; to lx; used, and 
should not borrow or hin; the bridge coin])ariy’s or mill’s employc‘(;s to hel]) out their 
inspectors when assistance is needed.” 
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Colby & C.'hristi(i\s little handbook, by Schneider and Colby, en- 
titl(*d “Inspection of Structural Steel Work,*' contains many pointers of 
great value to inspectors, but most of its clauses arc^ really in the fonn 
of specifications to govc^rn the manufacture of the metal in the shops; 
and in form, at least, they apply more directly to the contractor than 
to th(i insj)e(jtor. Howov(jr, they are of such cx(;ellencc that most of 
them which deal with topics not hereinijcfore fully treated are reproduced 
as follows: 

Machine . — Tluj inspector should make sum lluit. the testing msichincs arc 
])ropiTly haiidliMl, iiiid that, tlui specified sp(‘c*d of ])ulling (usually 2 inches per minute 
until yii'ld i»oint is deteriniiKMl and thereafter incT(‘ase<l to 0 inchi's per minute) is 
adhered to. 

*'SarfacAi Inaiurtion and Verificalion of DinieiiHionK. — Whe^n practicable all material 
should h(* inspectiMl at mills before shipment; such inspc'ction to cover surface finisli 
and dincMisions. Should tlie conditions at mills be such ius to prevent, inspection bi»fore 
shipment, acceptance should Im' subject to inspection at- point of destination, with the 
understanding that all material di'fiH'tive as regards dimensions, iinish, or surface 
impcM'fect ions shall be subject t.o rejection and replacemi'nt at th(‘ maker's expense. 

licceirinfj Material. — The Ins])(‘ctor should bii on hand whenever material is un- 
loaded from the cars, and shouhl check the material with the shipj)ing invoice, so that 
on!}' such mat ('rial will be received jis has been tested and ac'cepted by the inspector 
at the mill. 

“Prolertinn of Material. — Material ri'ceived from mills and hidd at sho))s awaiting 
fabrication slaaild b(i jn'otectinl from rust; oiling of the tops, sides, and ends of piles 
will generally be suflici('nt. 

.\lt hough ‘mcTchantably straight’ when shipped from mills, a 
majority of plates, and in .soim* cases angles and shapi's, reiiuirc' further straightening 
befort* being punched. Such straight taiing should be done* in rolls and not by sli'dges or 
hammers; buckles should be reniovi'd by adjusting the rolls or placing narrow strips 
on edges of plat.<'s, thus drawing or stretching the out it edges when passing through 
rolls. Blows struck on biickli'd surfac(*s will iiicn'ase the def(‘ct. 

Annealinff. -\Vli(*n' a p(jrtion only of a plate, angle, or shape is heated for the pur- 
pose of bending or forging, a .strict compliance with the spc'cifications reciuires that 
the entire j)ieee be annealed. This r(‘(]uirement is at times disregarded, as in the c:use 
of rounded top corners of through plate girders where, owing to the fact that metal at 
this point is subji'ct to little stress, annealing may b(‘ waived without risk. Such plates 
and angles should, however, be bent to a true curve and be free from short bends or 
w'av(‘s, so that th(* entire face* of angk's wall bear evenly on tla* plate. 

Anneatnaj of Lomj Anijle,s.- -In girders wdiich liave a greater ch'pth at the centre 
than at tin* ('iids, such as main girdei*s of turntable.s, long floor-b(*am.s, etc., the flange 
angles of the bottom chord are g('ner:dly given two decided bends, reciuiring partial 
)i(‘ating and, to .some extent, forging. As .such angles usually occur in giiilers which 
^eeeivc^ sevcTCi live-load stre.s.ses and impact, they should bt‘ ann(*alt*d, jus cjilled for in all 
sp(M‘itic:it ions. However, ow ing to t la* lack of fjicilit ies for :inne:ding in most bridge shops, 
such jumejding is gi'iierally omith'd. (The proper cour.s<' for the Inspector to pursue 
in cjuses of this kind is not to accept thew’ork on his own responsibility, but to take 
the niatt(T ui) w’ith Ids (Miiployer and the? shoi) manager, and let his employer decide 
w'heth(*r it. will b(* safe to omit th(‘ juinealing, jus jin (*.\cess of strength nuiy luive been 
provided in the (h'sign to nijik(! up for the po.ssible defects in the uiuinncjdiHl Jinglee.) 

''Slrau/hteniny After Punching. — Mjiterijd which luus curvinl during the process of 
jHinching should be re-straightened. 

Polling Sub-Punched ami Reamed U erA*. — Sub-i)unchcd and reamed work should. 
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when assembled, be so thoroufrlily bolted jis to ensure all contact surfaces lying flat and 
close to avoid the accuinuhit ion of reamer chips between various p:u'ts. In work drilled 
from th(^ solid the various ])arts should be held in place by occasional small diameter 
bolts and by a sutlicieiit number of clamps to bring jiU faces in close contact while 
being drilled. speed steel has made it possible to ream or drill without the use 

of lubricants, excei)t for an occasional oiling of the drill to prevent sticking or clogging 
of hol(\s.) 

*^Bolling Members Against Distortion Daring Driving. — ^W’^hen the various parts 
forming a member havt' bet'u assc'inbltHl, th(‘ c^ntire mc'mbcT, ^vhethcT chord, post, column, 
or girder, should b(‘ freij from twist, wind, or bend, and should be thoroughly bolted to 
ensuri* against twist or change of form jwior to or during riveting. 

Injury to Material in t/amUing . — In Inindling heavy members, care should be taken 
that edges of plativs or angh's an* not scored or bent by chains or by falling on skid rails. 
(The use of blocking will iwevent this.) 

Driving Rivets in Long Compression Meminrs . — In riveting members, ])articularly 
long compression iik'hiImts, it is wt‘ll to ilrive at difTerent points instc^ad of driving one 
continuous line. A twist or curve can be avoidcnl by driving a portion of rivets in ('ach 
flange and returning over the work to drive rivets in omitted holes and those from which 
assembling bolts have* be(»n n'lnoved. 

*'(*ountersHHk Rivets . — In driving countersunk rivc'ts the desirc'd length of rivet is 
one that will completely fill th(i count ei*siiik without excess. This being diflicult, 
the excess should !>(» as small as possible in order to avoiil chii)ping, which is liable to 
loosen rivc'ts, particularly in thin material. 

** Driving Rivets.-- A\[ rivets arc* int(»nded and expected to b(^ tight, to have full and 
symmetrical lu'ads and to lx* in tnu* alignment. Loose rivf‘ts can geiUTally be avoid(;d 
if material is carefully straightencMl and thoroughly bolted in assembling, if the proper 
lengths of rivets are us(?d, and if the*, machines employiHl are of suflicic'nt powcT. Where 
the above precautions have bc'cn obseivetl the number of loose riv(*ts will bci found to 
be small, but when these i)rc(!autions havci been ru'glected a larger number of loose 
rivets is likely to be found, and, therefore, special care should be exercised in (;xamining 
rivets. 

Testing of Rivets . — ^The proper testing of rivets requires intelligence and judgment. 
Specifications call for all rivets to be tight, and gocnl ])rac’tice reciuires that there sliould 
be no loose rivets in any part of a structure. However, as thc^ tight ne.ss of rivets cannot 
be mea-sured with instruirn'iits of ])reci.sion, but can only be judged by observation, 
depending upon the keenness of the Inspector’s car to distinguish the sound or hia 
ability to feel the vibrations wIkmi the? rivcMs are struck by a hammer, these observat ions, 
like others depcMiding upon the testimony of the senses, are not infallible, and rivets 
may be pronounced as tight by one inspector and as doubtful by anotlaT. It is, there- 
fore, of the greatest import aiicc? that the testing of rivets shoulti not be done in a per- 
functory manner, but that intelligence and judgment should be exercised on the part 
of the Inspector as to the functions w'hich the rivets have to i)crform. 

I mportant Rivets . — In cases where the whole strength of a nuanber or a connection 
depends upon the resistance* of the; rivets, the utmost care should be exercised in t(*sting, 
and only such rivets allowed as are considered absolut(*ly fight. Rivets at the enels of 
plate girders, those connecting reinforcing plates to main members at pin conn(*ct ions, 
and thosf) in riveted (ionnections of either tension or (lompression members wh(*re th(? 
strength of the connection d(;})ends solely upon the. value of tluj rivets and not on the 
bearing value of the abutting surfaces, may be mentioned as rivests which should be 
absolutely tight. In rivets which recc'ive no calculated stresses, but the fun<*lion of 
which is simply to clamp tin; material togesther (such as stitch rivc^ts), or to keep the 
members in alignment (such as rivets in lattice bars or tie plates of secondary members), 
absolute tight ne.-is is not imp(*rative. 

** AUgnmcnt of Rivets . — llic shape and alignment of original heads of driven rivets 



INSPECTION OP MATERIALS AND WORKMANSHIP 14;^;} 

should give little trouble, but some allowan(;e should bo made in this w'specjt as regards 
the driven heads, as the flow of metal while up.setting is not confincnl to any given 
direction, and a slight deviation from a straight line or in the shape of h(\‘ids can be 
expected. 

‘*Rei)Uwing Loose Rivets . — 'fhe advisability of n^placing loose rivets will d(»pend on 
their location and the likolilKMxl of securing bettiT results by cutting them out and 
replacing without serious injury to the material or adjacent rivets. The motive for 
removing loose rivets would be the improvement of the work and not the* imposing of a 
penalty on the riveter. 

“Where a number of rivets in close proximity an^ loose, they should be removed' 
along with rivets that may >)e loos<»ned by rc^ason of such removal, and, after clamping 
or bolting the work firmly together, the entire lot should be rc'driven. Rivets to be 
removcid should, pn'ferably, be drilled out instead of bt*ing backed out w'itli a punch, 
especially where they pjuss througli sev(Tal thicknessc's of iiK^tal. 

** Milling to Length or Hearing . — ^The milling to h^ngth t)r bearing is a matter desc'rving 
attention. As far as possible th(j pieces to be milk'd should be sui)port ed on a temporary 
bearing strip of metal, part of which is milled away during th(» operation. \Miere this is 
not practicable, the cut taken should be light to avoid the breaking away or tearing of 
metal on the under or last, side of cut. Cutt(^rs having brokc'u cutting t'dges productive 
of s(;ores or scratches should bo removed and r<‘placcd, tnul the speed of feed should be 
slow ill order to proiluce a smooth and evi'ii finislu'd surface. 

Milling of EmU of Stringers . — In milling the ends of stringcTs or similar members 
to length, wdiere coniu'ction angles project and constitute the k'ligth over all, care 
should be takiai to hav(^ such angles square and tlusli with each other before bc'ing 
milled, oth(?rwise the thickness of such angk'S will be reduced umwenly during the 
operation of milling, and in places to less than the thickness r(*(iuir(‘d. 

** Chamfering for Fillets — Chamfering of ends of stiffener angles should conform to 
fillet or flange angles to which they are to bo fitted and not be simply rough ground or 
sheared to provide clearance. ("liamfc*ring of filates used for reinforcing webs of beams 
or channels forming shws or bolsters should be accuratt'ly done by planing with a tool 
grenmd tf) conform to the fillet of the benun or channel to which they art; to connect. 

** Pinning of Flanges of PHeams and Channels . — ^The fact's of flangt's of beams or 
channels in foundation grillages should be plant'd to a right angle witli centre of web 
(excei)t in cast's where they are imbetldt'tl and coveretl with concrelt'). Tlanges t)f these 
shapes general!}' come frt)m rolls “out of stpiart;” with webs, and planing is essential 
when usctl as bearings of ct)lunms or t'ntl slitx's. 

‘^Buckles in Web Plates . — ^\Veb plates of girtlers shoultl be frt't' from buckles, but 
defects of this kintl when not disct)vered until riveting has been ctanplt'lt'd may be 
allowed to pass, if the extent of buckle tioes not exceetl J in (it)". ('I'his is an old 
rule, and since the introduction t)f effective straightening machines is st'ldom resorted to.) 

Base or Cap Plates of Columns. — B:ise or cap platc'S of columns, if not ])laned, 
should be can'fully straighteiu'd so as to ensure a bearing of tljo entin' section of shaft 
of column; and such base or cap plates and bearing i)lat('s at ('iids of girdc'rs or stringers 
should be examined for straightness after riveting, and any curving or <leviation from 
a tnie flat siirfa(!e corn'cted by restraightening. 

Defects Developed in Material During Manufacture . — Piping or otlu'r interior or 
surface defects, blistt'rs, sand spots, etc., cK'casionally develop during the various proc- 
esses of manufacture; and material containing such di'fects should, under ordinary 
conditions, be rejected and replaced. The location of tlu' dc'fect, its i'xt('nt, the neces- 
sity for immediate com))letion, and the consequence of delay should, however, be taken 
into consideration; as under favorable comlitions it may lx; possible to make us(' of 
plate or angle reinforcement, thereby safeginuxling the strength of the member without 
detracting from its appearance. 

Bolts for Permamnt Connections . — Bolts to be ustnl in permanent drilled or reainetl 
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ronnoolions should :i driving fit, and be neatly turned if so speeifie«l, but whether 
tunied or rough, the grip lengtli of such bolts should be free of threads and provided 
with w'ashers to permit of their being dniwii tight. 'Hie thretul projecting through 
nut should Ixj cheeked or burretl to prevent loosening. 

— 'rhe eastings should bo examined carefully for blow-holes, shrinkage 
cracks, and other imperfections, but discrimination should be made between such 
d(ifec!ts iLS an' unimportant and those which render the castings unfit for use. Th(jy 
should also be checked as to size and dimensions. For steel eastings it is essential 
that the Inspc'ctor sliould ascertain that they have been properly annealed. This is 
generally indicated by thc'ir color, which should be blue after leaving the annealing 
furnae('. If minor defects should be discovercnl in steel eastings which are otherwise 
acceptable, the corn'ction of such minor defects by electric or gas welding is permissible. 

^'‘Rvaming Fit hi Connect iona to Temptates. — Th(i n'aming of field connections, such 
as those of floor-beams to posts and stringers to floor-beams, should bc' done by metal 
templates. I'liese templates should be checktHl with the drawings b(‘fore reaming is 
b('gun. I'or this purpo.se the drawings of posts jis well :is floor-beams should btj iLsed for 
fioor-b('am to post connections, and for stringer to floor-bea»n connections the drawings 
for both string('rs and floor-beams should be list'd. 

** Checking Connecting Angles at Fntls of Ftoor-^H^ams and Stringers . — ^AVhi'n; con- 
necting angles at- ends of fUK)r-bt*ams or stringers are not nwiTsible, carii should be taki'ii 
to sec tliat angk's are correctly placctl, giving the ))ropc*r starting space from s(*at angle 
to first hole. Stringers are frequently alike top ami bottom, with the exception of holes 
for lateral connections or floor bolts; and it is po.ssible, and soiiK^timt's liappt'iis, that 
c*nd connection angli's are reversed and riveted with lop end toward bottom siile of 
iiK'inber. 

*Wssemhling and Reaming Riveted Trusses. — Whi'ii rivc'ted trus.<es ari' as.senibled 
complete with all truss members and connections in plac(‘, such assianbling is done with 
tru.sses by lying flat and not in a vertical position. It is then iUM;e.ssary, in order to 
avoid the turning of entire tru.ss, to u.se long shanked reamers capable of reaming holes 
on both sides of chor<l without changing po.sition of tru.ss. 

Camber in Riveted Trusses. — When tru.s.ses an* as.sembled comph*t(', thi' lengths 
of the web members .should be checkt'd to make* .'^ui’e that they conform to the desiri'il 
camber; but, before reaming, this camber .sliouM bi* ch(*cke<i, as it may be adjusted 
to .some extent by drifting the sub-punched hoh*s, after which all members .should be 
firmly bolted to hoM bearing joints in clo.se contact. I’iHers and si)lic(‘ jilates which 
are to be shippi’d in jdace, without rc'inoval after reaming, shouUl tii-st be givi‘n a coat 
of paint the s:inie as other surfaces in contact, oth('rw’’se they will, in all probability, 
be rivet ('d in place at .site without having been paint<*d. 

**Reamifig Field Connections in Riveted Trusses to Tern plates . — \\lu*n tru.ssi's an' too 
large to p(*rmit of comph'te as.sembling, it becoimjs necc.ssary to u.si; ti'inplati's for 
ri'arning the holes of each connection (oth(*r than chonl or end post .splices, wliich 
should be reamed while joints are abutting and in line.) Such templati'S .shoulil be 
provide<l with centre lines and marks indicating position as r(*g;irds distance from 
centre of holes in member being reamed to centre lira* of member to wluj'h it is to connect. 
They .should be eith(*r of metal or of .sea.soije<l wo(m1 with metal thimbles. (Mei;d 
templates an; to be i)refi*rr('d if they are to be ilsi**! on duplicatt* parts). 

Checking Sizes of Fins. — In pins of .smallc'r sizes, .say up to S", the diarnetc'rs can 
prop(*rly b«j check(;d by ring or snap gauge furni.shed by the sliop, l)ut on larger .'^iziis 
the circumference .should be measured w'ith a tape in addition to bi'ing measured by 
calipers. 

Checking Pin Holes. — Pin holes of mcKlf*r.ate .size' can be checkcMl by plug g:iuges 
usually to be found at shops, but whc'ii .siiidi gauges are. not availabk;, or on large 
diarm‘ter pin holes, the diameter should be carefully checked with miiTometi*r gauges. 
As the clearance for pins .seldom exceeds it is important to ascertain that both 
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pins and pin holes arc correct jis to diameter. The accuracy of fit of pins of large 
diameter can be best assured by trying them in place. It is also sulvisablc to ship them 
in place wherever prac(>icablc, as the ex|3ense of boxing is thus avoided. 

Checking Rollers, — ^Holler nests, particularly those for large spans, should be 
checked by assc'inbling roller bearing plates, roller nests, and upper shoes together, 
th(‘r('by tiscertaiiiing the uniformity of the dianiet(jrs of the rollers and the extent of 
horizont.al motion existing where this motion is controlled by stops on shoe base^. 

Examining Ejjv-lnirs. — Eyc'-bars shoukl, wluTevor practicable, piled in lots of 
from four to <nght bars (dc'pending on the l.hi(^kness) and pins passed through i>in holes 
to insuni i)roper ek'arancc of pins and uniformity and coiTCcIness of length of bars c-^ 
to c. or b. lo b. of pin holes, liars should also be examined singly as to gauge of pin holes 
and fn'cdom from surface? defects. The diam<?l.f'r of la^ads of bars should be checked 
to avoid fouling flang(\s or cover plates of end posts or chords and chipped if necessary 
to provide tin? rc?(iuire<l (?learanc(i. 

Adjiislahle a r.s.— -Adjustable bars connect cmI by turnbuckl(?s should, w’hen coupled 
l.og(!ther, iiKiasure within I 2 ” <>f Ihe Ic'iigth shown on shop print. Threads of upset 
ends should b(j close fitting and capable of entering tla? turnbucklo to the full length 
of thread by the? us(; of a wrc*nch having a l(‘verage of four feel. A\'ith loose fitting 
threads, turnbuckles, unless i)rovided with jam nuts, are liabh? to work loose in service. 


**MAcmxKKV Pauts of Movable Bui does 

“The inspection of machinery ])arts of movable? bridges r(‘(|uires special eiiro, and 
such work sluuild b<* entrust(‘d to exfUTienciHl men only. 

*‘The Inspector shouUl carefully study the tiesign of all the details and discriminate 
betw<*en those? ehmensions which must be exact and those in which slight variations 
are pcTinissildc*. 

Finish. — All workmanship ainl finish should 1 m‘ equal to that of the best practice 
in modern machiiui shops. .As tlu* ])arts of the operating machiniTy of movable bridges 
arc? gcMUTally c'xposc'd to the? weather, the? finish should be confined to the bearing, 
rotating, and sliding surfaces, and wherever it is required to seizure precise and accurate 
fits and dimi'iisions. 

“/'’/.red Parts of Machinvrg. — As it is of the? grc'atc'st importance? to have? all fi.\e?d 
parts of the ni:ichine-ry of movable* brielge»s prope*rly fastene*el so that they may not be*come 
loose during the o])e*rat.ion of the bridge, special e*are should be? exe*rcise‘d to assure 
])rejp<*r faste*ning of such ]iarts as bc'arings for shafts or journals, hubs of wheels, pulleys, 
c*ouplings, collars, and similar parts to the shafts or axles to which t he\y are at t ached. 
I'he'refore all bolls whie*h are? use'd to hold sue*h parts in jdacc should have? a tight fit 
in the*ir hole's, unle'ss othe’r j)recautie)ns are provided for in the de*sign, and all nuts 
should have? tight-fitting thivads. 

Units . — All hubs of whee*ls, p\dle*ys, couplings, etc., should, be*sides having a close 
fit. on the? shaft or axle to which they are attacheel, be j)rovided with projH»rly fitting 
keys. Spe'cial attention should be paid to the fitting of such ke»ys. If a hub pt'rforma 
the function of a collar, the? end ne'xt te» the b(*aring should be faced. Holes in hubs 
of toothed ge*ar w]ie»e*ls shoulel be borenl cone*eMitric with pitc*h eircle. 

Pivots, — The Inspe'ctor shoulel satisfy himse*lf that the pro])e'r material as called 
for in the specitie*at ions is use'd for elise*.s, frie*tion rolle'rs, or balls use'd in pivots. He 
should se'e? that the*y are ae*e*urale*ly turiu'd and finished to gauge' and oil tempered, 
if made of tool st.e*e'l, and that afte'r harde'iiing fhi'y are accurate'ly ground to their final 
finish. Ste'c'l and phosphor-bronze? discs shoulel have? their sliding surface's finished to a 
high polish. 

Worm- Whirls, — ^Thrt'ads on wejrins should be e*ut., and the teeth of W'orm wheels 
should fit the worm accurate'ly. 

** Lubrication, — The Inspector should se'e that j»rovisie)n is made for iirojie'r lubri- 
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cation of all rotating and sliding surfaces and that oil cups arc provided wherever 
necessary. 

Assembling Turntable Centres, — ^Turntable centres for swing bridges, whether of 
conical rollcT or disc type, should be :isseuibl(Ml and made to revolve for at lejist six 
hours to ilcv('lop existence of soft or weak sjwts in roller or bearing surfacHM. Suitable 
oiling hol(\s and grooves should be providtxl, whetluT specified or not, if the necessity 
for tlu‘ir presence is apparent. 

^'Assembling Turntables for Siring liridges, — ^^Frack, rack, rollcTS, and centres of 
turntables for swing bridges, together with circular, radial, ami distributing girders 
and other parts b('loiiging to and connecting to the turntable, should be completely 
assembled. After assembling, all parts of the operating mechanism, with their con- 
nections and attachuK'iits, should, as far :is possible', bc' tried in place. 

''Proprietary Paints. — Where proprietary paints are (‘alh'd for in the specifications, 
the insspector shouM .'<ee that the original packages from which such paints are taken 
bear the braml, tradcanark, or other idcaitification mark of the mak(T s])ecified. No 
adulteration or dilution of such paints should be permit teil, other than that intended 
and recommeinled by the manufacturer. 

''Red Oxide of Lead Paint. — Where ‘Ited Oxale of Lc'acr is specified as the pigment 
and linseed oil as the vehicle, it is essential that both lead and oil be analyzt'd at least 
so far as to establish that tin* quality of such materials is as claimed by the makers 
whoso names appear on the original packages. 

‘•Red l(vid or otluT paints containing heavy pigments are difficult to apply (wc*nly, 
owing to the tendency of the pigments to precipitate or sc'ttlc*, producing streaks and 
accumulations of excess pigment and .separation from the oil or vc'hicle. I'liis may lx? 
prevented by the use of lamp black if permittcnl b^" the .s])ecifications. If this is not 
p(Tmissible, the use; of a .small amount (say 1 gill pt*r gallon) of Japan dricT will cause 
an immeiliate partial hardening, thus presenting this objectionable precipitation and 
streaking. 

** Records for Ereetion. — A r(*cord should bc‘ k(‘pt of all matters affecting th(^ (Section 
at .site, as, for instance, the (‘hanging of riv(‘ts from shoj) to field-driven, the si)ecial 
marking of j)arts made non-int(Tchangeable by rejison of correctiMl .'ihop (Trors, the 
po.ssibility of close-fitting connections, and the match-marking of fitted joints, a copy 
of which record should be forwarded to the erector.’^ 

Some two defat l('s ago the author had madt; for him by ono of lii.s 
inspectors a ratlu'r int(T(»sting .^orit's of tests to determine the average 
atx’uracy of .sub-punched rivtd-hole.s. These; tests wen; made aft(T the 
metal wa.s assembled for reaming by in.s(;rting rods of various diamettTS 
in the as.sembl(;d liol(;s. From the results tlu;r(;()f the; author prepared 
the following clause for his .sfMHMfications; and he has ustsl it ever .since. 
It is Clau.se No. 83 of (diapter LXXIX. 

“All punched work .^hall bo so accurately done that, after the various component 
pi(;c(\s an; a.ssembh;fl and b(*f(jre the reaming is commcaici'd, forty (10) per c('nt of the; 
holes can be entered easily by a rod of oiuv-.sixt('(*nth (Vic) of an inch less diam(;t('r than 
that of the punchc'd hoh's, eighty (SO) per cent by a rod of a diametcT on(;-eighth (3-s) 
of an inch l(!ss than .same, and one huridrcMl (100) j)er cent by a rod of a diameter oiu;- 
quarter (J4) of an inch le.s.s than same. Any shopwork not coming up to thi.s naiuire- 
ment will be subject to rejection by the Inspector.” 

It will lx; noticed that thi.s specificjation does not njject absolutely all 
work that does not come up to its exact reciuiremeiits, the Inspector being 
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allowed some latitude in distinguishing between simple and complicated 
shopwork, important and unimportant connections, and the assembling 
of few and of numerous com{K)nent pieces. 

If the Association of Inspectors previously suggested were established, 
it could do good work for the engineering profession by laying out a series 
of tests of full-siz(id ineml)(;rs and details of bridge's and other structural 
metalwork to be made from time to time as a portion of the inspection 
for large coiitrae^ts. This would need the assistance of the consulting 
engineers, who, in preparing their specifications, should include, as a part 
of the work of th(^ manufacturers, the making, under the supervision of 
the insixjctors, of c(;rtain tests of full size parts, it being understood at 
the outset that the results of sikjIi tests shall be of direct value to the 
accomjJishmeiit of the work covered by the specifications. The author 
has for many yc'ars becai ('iideavoring in this way to olitain some much- 
needed information lonceriiing the strength of both main members and 
details of liridges and elevatixl railroads; but his attempts to have the 
tests ma<le liavc^ not always jiroved successful. 

It occasionally occurs in a liridge engineer's practice that he is ab- 
solutely forcc'd into using stock nuilerial for a structure. Such a method 
of manufacturing structural steelwork is always highly objectionable 
(although not so serious a matter today as it used to be, because the 
gi'iK'ral manufactun; of rolled metal has become materially improved 
and thoroughly systeniatizc'd); nevertheless there are occrasions when a 
steel bridges has to Ik' built upon the spur of the moment in order to meet 
some emergc'iuy which will not permit of the metal being rolled specially. 
In such cases th<^ engiiuxT has to make the Ixist of a bad business; and, 
if lu* is wise, lu'. will be li))eral in proportioning his sections (unless the 
plans also be tak('n from stock); and he should give the metal that he 
uses as thorough an investigation as possi))le. The method adopted by 
Messrs. Hildreth & (\). is given as follows: 

Policy rou Acckptance oh Consideration of Stock Material 

“The* following iiu'tliod of dealing with the (lucstion of use of slock material at 
Fabrication Shops must be followed closely: 

*\\) WIktc permission for the use of stock material is given by our client and it 
is ma<le jdain to us that th(? (picstion of tests or the identifying of metal is waived, wo 
arc eall(‘<l upon only to inspect IIk* material for size, section, and surface. 

“(2) AMicrc' jHTniission for the use of stock material is given by client under the 
condition that its quality must be identifunl by us, we must, make the attempt to make 
such identifications; first, by r(*(pi(\st ing the shop to furnish us with record tests giving 
lic»at numbers; and then, if th(\s(» arc* available, a further eiuleavor must be made to 
identify the lu'at nunibiTs on the niatcTial. This will g(*n(*rally be found to beim- 
pracdieable, as f(*w heat numbers are retaineil on the material cut into commereial 
lengths and as gentn-ally found in the shop stcM*k supply. If the heat numbers cannot 
be found on the material, the uhnit iheat ion is not complete. This must be made plain 
to the clii'iit., and the records must be n'lnirtcxi only for what they are worth. 

“ (3) Where no rei^ord tests an? available, or where the client is not 8ati.sfiiMl with the 
records of tests without identification of heat numbers, the only other way of determining 
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tlio qimlily of the miitorial is to have a tc'st. piece out from every piece of material to be 
used, as all may be from difTerent heats. This is impra(*tioable on account of the loss 
of time, the expense involvetl, and the fact that the cutting of pieces of sufticient lejigtli 
for tensile tests would spoil the commercial lengths of the material. In li(ni of the 
eomplc'te testing, one or several test i)ieces to represent the whole lot of material may be 
suggested by the steel company or considered by the client. In this c:us(? we can follow 
out the idea; but it must be nuule jdain that this does not represent th(^ quality of any 
of the material, except the actual piece tested, when the heat numbers cannot be found. 
In being a party to any of this tivsting of stock material, it must be made plain by us 
what is accomplislKH.1, that there is no comph'ti' idimt iiicatioii of tJic cpiality of the 
material and that we accept resjumsibility only accordingly. 

“It must b(» clearly uiidersttKKl by th(‘ contractor or steel company that, the [)repar- 
atioii of test pieces from stock and the' arrangements for testing of same must be at their 
expense; and w(' should not proceexl until it is on record that this expense is to be 
iussunied and accepted by someboily. 

“(4) In the absence of any identification by record test or by the preparation of 
test pieces cut from the matcTial, we can get a general idc'a of the finality by making 
bending tests on crop (aids as the piece's are cut for iinislmd lengths, so as to iiisim' against 
the einploj’iiKMit of brittle material. 

“ (o) In considering the use of slock material undf'r any mc'lhod of testing, it should 
be can'fully insp('ct('d by the shoj) inspector for surfaiu' di'fects; and any pii'ccs that 
show signs of pitting from rust or that cannot be cleaned in a ri*asonably gcjotl manm'r 
for painting should be reject tnl. 

“Th(^ above apjdies to main sc'ctions of matf'Hid under stress. Mat ('rials such as 
fillers, connection angles, and other small ph'ct's can g('n(*rally b(' ))erinitt(;d to b(' tak(*n 
from stock without identification of (piality by tests, if they arc in good condition as 
regards surface.” 

Hildreth & Co. have ovoIvcmI and patc'ntt'd a (h'formation lost which 
ought to i)rovT valuable. The following is a description of it as furnished 
to the author by the courtesy of that company. 

“The IliLDUETH DEFOKMAnox Test 
“ (Patented) 

“The o.stablish('d method of tc'sting .*«tructural st('('l consists of the choice of portions 
of the finished material from which test iiiecos are prepared to repn*s(*nt each original 
furnace melt. Tin; number of test pic'cc's is gf'iu'rally one for Ixaiding and om* for 
tension, and they may repre.sent from fifty to ninety tons of metal. Occasionally 
additiomd pic'ces are t(*st('d by punching, drifting, forging, or, in the' case of angh's, by 
opening out or clo.<ing down. Tliis iik'IIkmI of tf'sting hasb('(*n in (*IT(*ct jiractiiially since 
the commercial u.se of steel, and originally was valuable in showing th(* (piality of the 
furnace charge. A number (jf years ago the condemnat ion of furnact? melt s was frc'(|U('nt. 
At the present time there has cea.s('d to be any wide variation in the ({uality of .steel. It 
is practically unknown that an entire fiirmwie melt is condemnc;d, exc(‘pt b(?cause it may 
be of one grade of .ste(*l, whereas anrjther hius been .sp(M*ifi('d. Jn short, the manufacture 
of steel in a funiace has been masstered and is now uniform in character. 

“As the .st('(!l indu.stry has d(;v(;lop('d, gn'ater attention has b('('n given to the 
economics of manufacture and to the increa.se. of tonnage, with a result that to-d.-iy the 
objectionable (iefects in steel arise, primarily, frcjm the segivgation of elements and 
from pifiing, \vhich affect the finish(‘d product bc'cause of insufficient crop of the ingots, 
and, .secondly, from def(,'cts which occur b(H;au.se of too rapid breaking down of the 
ingot, and fnjm seams causc'd by metal ovf'r-lapping in rolling. 

“It is not improbable that one hundred furnace melts of steel may be tested by 
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recognized practice and found acceptable, whereas out of every melt there may be a 
penicmtage of finished shapes and plates, which jire brittle from segregated phosphorus 
or carbon or are defe(!tive from piping or seams. These defects are rarely evident on the 
surface; and the problem is to prevent their getting into the finished work. 

“The following method of testing is conceived to determine the quality of every 
piece of metal used in a structure at a point closely adjacent to where the section is 
diminishcM] by connecting rivet hoh's and whcin^ failure is likely to occur in connections. 
It is distiiic.t.ly a practical l.(\st and conducted at the shop without additional handling 
and at an insignificant cost. It has thc*> special advantage; of branding every piece 
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of metal te'stc'd and of not r(*quiring the presence of an inspector or expert. It is par- 
ticularly applicable to stock material wh(Te there art* no rt'cortls of the original furnace 
melt numht'rs and wh(*n it is impossible to cut test pieces of any size from the material. 
It is not claimed that such tests dettTinine the theon*tical tensile or other stmigth of 
the metal, but that they do tlet ermine gtmeral or local brittleness and demonstrate the 
safe anti workable character of tin* material. 

“All old, worn, or broken Js" liunch is turned tlown to a hemisjiherical end. A 
piece of 1" plate is turnetl out to a die 1 ^ 2 " Jil bottom and 2} 2 " Jd top, as j)er sketch; 
the h'ligth of the punch being short is adjust ( mI by washers or ]iieces of steel between 
it and the punching machint*, so aiTangnl that the ])unch itsc'lf will travel below the 
surface of tin* metal to be tested a (listance ecpial to the thickness of tla* m.etal. The 
<lie is simply ceiitcTed on the* base block of the punching machine. 

“The t.est consists of deforming the nM»tal at a ])oint betwc'en or adjacent to rivet 
holes for a diameter of about 2 inc'hes. This defonnity is carru*d to the I'xtent of j'j" 
for metal up to thick; for metal over } j" thick, tlu* distance should equal the thick- 
ness of the metal. This givc\s an exc(*llc‘nt practical test of the working quality of the 
iiuital and a «;oinbin(*d bending, ]nmching and drifting test, closely similar to t,ests of 
such character. Any brittleness will show by c*racks on the convc'x surface. Tests 
can be conducted in the shop as the material is being ])unch«l and handled at an cx- 
pc*ns(‘ of l(\ss than S cents per test. It is necessary that- the ‘bayer-out* shall indicate 
to the H’uncher^ the point for test so that it will not interfcTe with the riveting of 
any work.” 

59a illustrates tlio testing apparatus. 

As for the proper price to pay for first-class inspection, the author 
would state that some twenty years ago he submitted to several of the 
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principal inspecting bureaus a draft of instructions to inspectors at mills 
and shops, similar to those incorporated in this chapter, with a request 
that they tender upon inspecting for him, according to said instructions, 
a large order of structural steel; and that the bids receivcMl varied from 
one dollar to one dollar and twenty-five cents per ton of two thousand 
pounds. Subsequent experience has proviul to the author that such in- 
spection as he then called for is worth fully one ilqllar pc'r ton for largo 
orders and a trifle more for smaller ones; although it is very sc'ldom that 
such a price is paid in this country for inspection. 

Today the price of the best inspection at mills and shops runs from 
sixty (00) to seventy-five (75) cents per ton; and it is evidcait that one 
cannot expect to obtain dollar inspection for seventy-five? c(?nts. On a 
large bridge of the author’s w’here the inspention was done strictly ac- 
cording to his ideals of detail, the actual cost amountc?d to one dollar 
and three cents per ton. Certainly, the consulting bridge? c?nginc?cTs and 
the leading insiK?c;tors of structural steel should combine so as to oltain 
more thc^rough inspection l)y ensuring adequate pric'c's therefor. The 
engineer should insist on choosing the inspc'crtors and should invariably 
make the client foot the bill for their work. Of course, he? should see 
that the client is not overcharged; but there? would probably be? stand- 
ard fixed rates for the? different classes of work, hence the eiue?stion of 
overcharge would not be? likely to arise. 

The following are Hildrc'th & Co.’s standard instruedions to thc'ir 
assistants concerning the inspe^ctions of steed rails and otluT track materials. 

‘‘Specifications for Inspection of Rails and Their Details 
** Standard Tee Hails 

“In addition to tho requirements of specifications, which aro clear anti whicli should 
be followed closely by inspertors, attention is called to the following]; special instructions: 

** Process of Manufacture. — Jt is ini]M)rtaiit that the Inspector shall know ainl report 
Ufion the details of the process of manufacture, for the reason that s])ecificat ions 
erally leave this to tho manufacturer and that most t)f tin* defects in rails aro tlici result 
of efforts by tho mill to soeunj increased toniiaKf; and the eonse(juent lU'idect f)f those 
details of manufacture whereby good rails are seeurcMl. dlio capacity of the* furnac(i 
should bo noted and whether it is being crowdcKl to handle a grcviter amount of steel 
than its rated capacity, and also the time of melting. Pouring of st(H*l from the; latlle 
should be slovr; and the character of the tofis of ingots should he nol(*d. l'’ormerly 
specifications called for stirring tho stind in tiu* ladh? with a pole; to bring the gas bubbles 
to the surface. Bottom pouring pro< luces ingots freer from gas bubbhjs and segregating 
elements., ln.<4pcctors shoulrl watch such conditions so as to form an opinion as to 
the care us(?d in pouring tho ingots. 'Fhe size of ingots and the number of p:issc\s from 
the ingot to the finished rail should bo notcMl and an opinion form(?d as to whetber 
the steel is broken down too rapidly and the rails not well finished. Tho distance 
between the .saw\s should be WTitchiHl a.s a check upon the temperature at wliich rails 
are finished, and thi.s temperature should be noted. In short, inspi'ctors should not 
merely pass upon the finished rails but should watch and lx; familiar with all the details 
of the yirocess of manufacture and must reimrt regarding them for each order. 

Tests. — x\ll tests should be conducted by the inspectors as specified; and they 
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should porsonnlly choose the tost specimens so as to determine whether they fairly 
represent the material. They should particularly endeavor to find specimens which 
represent any inateriiil which is doubtful, and should try to get material which hiis 
been rolled from the top of the first and the last ingots cast from the ladle, so as, if 
possible?, to obtain test pieces in whicli may 0 (?cur segregated elements. 

Section , — The section of rail shall not only be checked in the mill; but when a 
final insp(?ction is made of the? rails, the templates shall be frequently applied so as 
to test the section of at k'sist 2.5 per cent of the order; and should there be discovered 
any variations from the temi)lates, then every rail must be chcckcxl. 

“Th(? sam(? proc(*dure must be followed with splice bars; and, in addition, several 
joints consisting of rails, s[)Iice bars, bolts, and nuts shall be assembled. 

Length.- dnsp(?ctors shall frequently cheek the standard length of rail, and they 
should not (?n trust such moasur(;ments •cjiitirely to the mill men. Complaints of rail- 
roiuls an* frecpK'nt rc'garding variation of lengths; and such variation must be dis- 
coven'd and prevent (*d. 

^'Branding. Tin* exact branding as it appc'ars on the rails and splice plates should 
be reported, and it sliouid be sexm to agnx? with that rejpiired. 

Drilling sliould ])fi seen to be accurate; and all ends of rails should be 
examined to ensure tliat the lioles are free fnmi burrs. 

Straightening . — The eamb('ring of rails should be watched as well as the straight- 
ening, and no excessive gagging perinittcHl. Short kinks shall class rails as No. 2. 
Every rail must Is* sight (xl for straight im'ss. 

“iVo. ^ and Short Length UaUa. — C'are should be takt*n to see that rails are properly 
classcxl and <*nds [lainted as specified. Inspectors should keep their own record of 
both elass(*s of rails and short lengths. 

Surface Inspection . — Inspectors must make a thorough and careful inspection of 
rails by daylight, <*xamining (*ach rail for visible surfa(;e defects sucli jis laminations, 
seams, fractures, scale, etc.; and tliey must particularly (*-\amine W(*bs for evidence of 
piping. lOvery rail must lx* walked aixl e.vamined on all sides. 

Identification . — All aceei)ted rails must be plainly stamped on the end with our 
special brand; and each rail must be can*fiilly and finally inspcicted before such 
aee(*ptanee. 

Be ports. — U(»port.s should lx* made immediat<*Iy aft(*r shipm(*nt, showing rails ac- 
cepted and shipixxl; and (X)pies of shipping invoices shouM be sent with such reports. 
Insjxxdors should be particularly al(*rt to see that no rejected rails are shipped, and 
should a<lvise us at omx* if such is the Ciust?. 

*'Xighl Inspection. -When* large orders are rolled during the night, the Inspector 
in Charge slioukl arrange either to be p«*rsonally on the work or to have an jissistant 
present. Where large ord(*rs require s(*veral men at tin* mills, the Inspector in Charge 
will so advise? us, so that suHici(?nt assistance can lx? provided. 

*^Si}ccial Xotes for Girder Rails 

“In the inspecition of girder rails, particular attention shall be given to see that the 
groove is absolutely straight, and that the he.*ul is full where the tr(*ad of the wheel 
runs and at the ]x>ints of bearing of splice plates. Special attention should be given 
to se(? tluit the hc'ight of rails is accurate and that the sections of joints correspond 
cjlosely. 

Splice Plates 

“Sec ‘Pnx'ess of Manufacture’ and ‘Tests’ for Rails. 

** Bending Tests . — Must be made ;us requircxl and reported by outlining on report 
forms for tensile tests or on ])lain white paper of the same? size as the reports. 

** Section . — Must be carefully checked by templates. 

Punching . — Must be accurate and tested by templates. All burrs must be re- 
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nioviHl and holes oxaininoil to see that no cnlpc's are crac.kcd. Any indication of cracks 
is cause for reject ioi\. 

^^Beariu^ Surfaces. — Must lie ciirofully watchetl and frequently checkctl by assem- 
bling a joint with rails and testing with steel straight edge. 

Bolls and \uls 

‘‘Iwery keg of bolts and nuts must be smi and the threads e^xamined to see that 
they ar(‘ cloan-cait and full. Numennis nuts must be tried on bolts. Any sp(‘cial 
style of thread (such as Whitworth’s Standard for foreign ord(Ts) must, be known to b(? 
followcHl. Hc'iiding tests must be made as per .specifications. St nipping tc'sts must be 
made by filling up betwet*n head and shoulder of threatls with washers and turning 
the nut on with a long-handled wnaich. Bolts must twist off before threads arc st ripped. 
All dimensions must be checked. T3olts testiMl by bending and strii)ping should be 
placed on top of contents of keg to demonstrate that inspection has been m:ule. 

‘SSTp/Avs 

*^Vll dimensions must Im'. measunHl and every keg o])ene(l and examined. Spikes 
testfil by bending s^hould he sent with shipment as for bolt.s. Heads of spikes must 
be full and points clijan-cut and .‘^hai’ii. Saini)les must be tested by twisting one-half 
turn without fra(!tiire. 

“A’td ImcL’s 

^‘Xut locks must agn’c with dimensions and cjuality .‘ipecifa'd. Tempt'ring must 
be done in oil. Sanqdes chosc'ii at random must be tested by being phuM'd in a vise and 
forcing one eml J s" el(*ar beyond the opposite end. If it brt*aks or tak(‘s a i)ermanent 
set, additional tc'sts must be made, acceptance* refii.s(‘d, .and the facts report (*d.” 

A short tiiiio *ago wIkmi cjillitij^ at the Xow York ofTict; of bis friend, 
John D. Lsaacs, Jlsti., (MO., Con.sulting lOngiiuMU* to the Sotithorii Paeific 
Railway Company, etc., the convonsation turned to the subject of rail 
inspection, and th(‘ author stated (as h(', had on many previous (xteasions 
to others, but had boon contradict(‘d) that, in his opinion, inspection 
costing only five cents j)er ton is entirely inail(‘cpiate, and that first-class 
inspection would cost several times that amount. Mr. Isaacs replied 
that he had had a similar opinion for man}' years, and that some three 
y(‘ars previously he had called in Messrs. Hob(*rt \V. ITunt & Co., the 
well-known inspecting bur(*au, and insist (*d that lh(*y should furnish 
liim with a rail insjx'ction wliich would cost much nion*. They did so, 
and tli(‘ r(*sult was very gratifying; for th(^ rat(^ of bn^akage of rails was 
forthwith reduc(*d to a small percentages of what it had been ])nsviousl 3 '. 
Mr. Isaac’s story was so int(T(*sting that the author r(HiU('sti*d him to 
repeat it in writing for use* in this book. He veiy kindly complieel, and 
on October lo, 101 o, wrote as follows: 

“As a result of our study of rail failures occurring on our linos, we 
became convinced that the reasons for many'' failures of a given weight 
and section of rail, of which weight and section we had large tonnages 
that were giving good service, must Ik) due to lack of uniformity in mill 
practice or to improper methods used which gcjiu^rally could not be de- 
tected hy the methods of inspection in force. This inspection consisted 
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of chcrniciil analyses of test ingots and inspection and physical tests of 
the completed rails. 

‘‘It appeared to us that with the methods used by the mills there 
was every incentive for sacjrificing quality to quantity of output. From 
further consideration of this matter we evolved the idea that if we should 
so increase our inspe(!tion as to cover the rail during all stages of manu- 
fa(;ture, we would have greater control over, or, at least, greater knowl- 
edge of the rails which were finally submitted for our acceptance. Acting 
on this idea, in the early part of 1012, we took this matter up with Robert 
W. IIi;nt & Co., who submitted to us, under date of March 13th, 1912, 
an outline of proposed details of the special rail insix^ction which we 
desired as follows: 

will pUic(! :i tn:in night and day in cither the (^on verting Works (if Hesscin(T) 
or Open Jlearlh Works (if of that material), a man night and day in the Blooming Mill 
Department, a man night and day in the Rail Mill, a man night and day at the Testing 
Machine, and four men on the inspeetion and shipment of the (inished rails, making 
ri m(‘n in all. 

“In th(i st*'el i)rodueing d(*partment the men will observe and make note of the 
details piirsut*d in the product ion of sten.'!, as to when the reearbonizer is added, the 
length of tinu; tht* metal is lield in the casting ladle Ix'fore being tc‘(»med into the moulds, 
the siz^^ of th(^ nozzle used in tlie (*asting hidles, the length of time occupied in conduct- 
ing th(^ castinjf op(‘ration, the condition of the moulds as to smoothness, etc., and the 
behavior of the ingots at the stripping machine in othcT words, to have a general 
ov(*rsight as to all which may transpire in the st(H*l j)roducing department. 

“In the blooming mill the ins])ectors will observe and note the length of time the 
ingots are k(*pt in the soaking pit, the temperatun? at which they are rolled, and the 
behavior of the nuMid while being so rolknl — also :is to the amount of cropping which 
takes jdace at. the bloom sla^ars, etc., etc. 

“In th(» mil mill the insjjcctors will ob.serve ami note the distance at which the saws 
are k<»pt and thus ch(*ck the temperature at which the rails are finished, note as to the 
squareness of sawing and the care with which the rails are stampeil, not only as to 
heat numbers, but also as to their relative* positions in the ingots from wliiejh they 
may be* i)roduced — also the amount of cambering which is given the rails, and their 
treatment upon the hot b(*ds. 

“'riie inspectors at the drop testing machine will obsc'iwe and record the behavior 
c’f tla; iiH'tal under said testing, while the four oth(*r men will have charge of the final 
ifispection of tlu* rails as to straightness, accuracy of drilling, fre(Hlom from flaws, 
etc., a.ml their loading on cars. 

“This makes a force of 12 men in all. 

“It is und(*rstood and expc'cttxl that while tlu»se men will be present day and night 
in the various d(*partnients of the Works, they will not have power or authority to 
int(»rf(»ro with the operations of the mill; but, based upon tlH*ir observations, if any 
undue things occur whic.li, in th(*if judgment, may be prejiulieial to the production 
of gotnl rails, they will notify the iiispect-ors who have the final passing upon the rails 
cith(»r absolutely to reject tlu? rails nuwle from the saiil heats or else to give them extra 
car(*ful inspection. If it should b<* for rejection, the said rails can be put aside for dis- 
cussion with the higluT mill authorities and for final acceptance or permanent rejection, 
as the gravity may just ify. 

“In other words, the id(*a is thoroughly to police the plant during the production 
of ycHir rails, ami thus to add a moral influence tending toward careful work ui)on the 
part of the emiiloyees of the said plant.” 
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^‘Further descriptions of this special inspection appeared in the Rail- 
way Engineering Review, November 23, 1912, and in the Railway Age 
Gazette, March 17, 1915. 

‘‘The foregoing, together with the report forms — certificate of inspec- 
tion, report of chemical and physical examination, and special inspection 
reports, copies of which I enclose herewith — should give a clear under- 
standing of the matter. 

“Our adoption of this special insiKJction in 1912 was soon followed 
by man3'' other large roads, until in 1914, as stated in one of the articles 
above referred to, 78 per cent of all rails insixicted by Robc'rt W. Hunt 
& Co. were given the special inspection. 

“The direct benefits to be ex])ected are: 

A mon; thorough compliance wilh our spc'cificaiions. 

A more careful superficial examination. 

More thoroughl}’' to insure propcT discard so as to obtain sound 
metal. 

“Should there be a departure from known good j)rac1ice in the pre- 
liminary manufacture of tlie rails, although this could not i)e condemned 
by the insp(x*tor, it would enabk* him to giv(' ('special altc'iitions to the rails 
manufactured under these irregular conditions, rendering the detc'ction of 
poor rails rnon' certain. 

“The indirect benefits which are to be cxix'cded ar(': 

“A more thonmgh knowh'dgc', by stud^^ and com])arison of dilTc'n'iit 
mill UK'thods, of what is the Ix'st currcait practice in llu' ]m'S(»nt states 
of the art . 

“Having a compk'te history of the manufacture, should poor ser- 
vice be obtaiiK'd fnjrn tlu'sc* rails, a study of an\' irregularifa's in manu- 
facture maj*^ k*ad to a solution of some of our troubk's. 

“On account of iiit(*rruplions during the manufacture, (k'lays and 
irregularitu's often occur; and tlu' moral c'fft'ct of having our insjx'ctors 
throughout the mill will doubtk'ss k'ad to more care on th(' ])art of tho 
mill operative's to avoid departure' from what is eronsidere'd 'Oood 
Practice.' 

“There has bex'n a marke*d improveanent in quality" of rails ])urchascel 
by us during the last few ye'ars. This improveme'iit we attribute to: 

1. “Improved mill practices, giving a lail more' free^ from i)hysie;al 
defects. 

, 2. “Improved rail scctioas, bette^r distributing in the; metal for 
uniform rolling tempe;ratures. 

3. “ Improve'd distribution of the edie'mical constitue'iits, giving less 
segregation and more homoge?neity of material, tending to k'sseai the 
rail failures from brittleness. 

4. “ More thorough insp(;ction." 

“It is impossible to segregate the improvement due; solely to the 
special inspection, but we do know that ceitain faulty mill practices 
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which have occurred at various times in the past and which have ad- 
versely affected the quality of the rail can not ‘get by’ under the new 
system; and wo conclude that the si)ecial inspecjtion is well worth the 
relatively slight additional cost.” 

In writing to thank Mr. Isaacs for his courtesy, the author requested 
permission to state the porcientages of l)reaks before and after the radical 
change of inspection was adopted, as mentioned during the conversation 
in New York; but Mr. Isaa(;s very modestly njfused on the ground that 
the entire improvement was not due to the said change but somewhat 
to betterments in the art of manufacture. To quote his own words: 

“I did not give the number of breaks pcsr ton of rail because it makes 
a tacit assumption that the entire improvement is due to ikjw methods 
of inspection, which is not the case, as there was a marked improvement 
prior to the adoption of such inspc^ction; and, thcrt?fore, a statement of 
this kind, while true as a matter of fact, docs not give sufficient credit 
to imi)rovements in tlie art of manufacture, due partly to this and partly 
to the efforts of the mill men to improve their ouli)Ut. 

“If you will refer to my k'tter to you of the lotli inst., you will note 
that I called att(mtion to the impossibility of s(‘grogating the improve- 
ment due to special insjxMdion; and further than this I am not willing 
to go on record with a (kffinite statc'inent as to (dfect produced, whatever 
my opinion concerning it may be. 

“About all tlKM’c is to say is that special insi)ection is one of tlie im- 
portant contributing (causes to improvement in manufacture of rails.” 

It is evi(l(‘nt from the preceding that Mr. Isaacs by inaugurating 
this sp(»(!ial inspection has made an important advance in American 
railroad practice. 

In respect to inspection of matenals and workmanship in the field, 
the following instructions, which the author has prepared for his field 
force's of engineer’s and insiicctors, will be found to cover the subject 
l)rctty thoroughly. 

(A) MKT/vriWomc 

First, hixamine with the greatest care all of the metalwork as fast 
as it is delivcirecl, so as to make sure that it has not been injured during 
transportation, and keep an eye on it thereafter to see that it is not 
injured during erection. See also that there are no missing parts. 

Sccoml. See that the nu'talwork goes toge^ther }M’0])erl3" and expe- 
ditiously, and report to the Engineer all necessity for chipping or filing 
on acjcjount of bad shopwork. 

Third. Wateffi carefully the riveting to see that no burnt rivets are 
used, that all field-rivets are driven in accordance with the specifications, 
and that no loose rivets are le^ft in the work. The inspector should keep 
close watch upon the gauge of the air compressor, and should also see 
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that tJicre arc no serious leaks hi the hose or the iron pipe delivering the 
air to the rivet haininers. A pressure of at least ninety-five (95) pounds 
per square inch should be continuously inaintained for two gangs, of 
riveters driving seven-c'ighths (J0 inch rivets of thn'e (3) or four (4) 
inches ill length. For one-inch rivets of the same length, one hundred 
and five (105) pounds per siiuare inch should be maintained. 

Care should be tak(‘n in heating rivets to make the head end hottest, 
the end to be drivi^n being heated to a cherry nnl. If this be properly 
done, the rivet will flow back into the hoh^, thoroughly filling it, and 
the head will form accurately with no tendency to spatter, as will happen 
if it be too hot. 

All mill scale should be removed from the shank of the rivet before 
driving. 

A pneumatic “dollj’’’ to hold over the round head wliile the rivet is 
being driven gives vc'ry good results, and should he used when tlie rivets 
are long and must grip several thicknesses of metal. 

In driving nickel-steel rivets or extra long carbon-steel rivets it is best 
to use a pneumatic? hammer at each end while driving. 

Fourth. Sec that all vacant spaces in the. imdalwork are completely 
filled with paint-skins or other water-proof material before the painting 
is begun. 

Fifth. In elevated-railroad work sec that during the erection of the 
metal the lengths of the girders are sufficu^ntly correct to prevent all 
possibility of using uj) the spaces provided for expansion, assuming the 
greatest temperature of the metal to be one hundred and twenty-five 
degrees. See also that th(5 expansion and contraction of the structure 
cannot injure the stairways. 

Sixth. In drawbridges, see that the masonry of the pivot-pier is 
levelled off with the greatest accuracy, and that the lower track-sc^gments 
arc set to exact position and level, thus making a ])(M*f(‘ctly conical 
surface for the rollers. See also that the latter are adjusted so as to 
bear evenly at top and bottom against both upper and lower track- 
segments. 

Seventh. Sec that the ends of draw-spans an? properly adjusted by 
means of the shimniing-plat(*s on the rest piers. Alake sure that in every 
particular the draw is reversible end for end; and se(i that all shafting 
is properly aligned so that th(?re will be no binding in any of the bearings. 

Eighth. Sec that, befon; the operating machinery is tested, all slid- 
ing or rolling surfaces arc; thoroughly lubricated, and that the turntable is 
cleared of all obstructions, such as nails, etc., on the; lower track-segments. 
Then operate for a while and make a test of tlu; machinery, after which 
compute therefrom the horse-power r(;quir(;d to operate the draw. 

Ninth. In v(;rtical lift bridges s(;(; that the tow(;rs are built in correct 
position, and that all the machinery is lo(;ated true to lino and (;levation; 
also that it is thoroughly lubricatcxl. Sc<; that it is operated sufficiently 
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to loosen up the bearings and to get everything in good running order 
preparatory to testing for operation and correctness of countcTbalance. 

Tenth. In bascule bridges take special pains with line and elevation 
in both the structural work and the machinery, and make the moving 
arm as nearly perfectly balanced as possible, paying due attention to the 
future drying of the counterweight concrete. In respect to the machinery, 
follow Instructions Nos. 8 and 9 given for swing spans and vertical lifts. 

Eleventh. Sec that all anchor bolts are set in exact position and to 
correct level, and that they are propciriy grouted in. 15c careful that, 
when the templates for locating them are put in, the mistake of turning 
them nincity dc^grecs from correct iM>sition is not mad(^ 

Twelfth. In i)lacing the bearings or skew-backs for arches, take the 
greatest care that the cciiitres are set to exact position and elevation, and 
that the bearings for tlui metalwork on tlw^ masonry are perfect. 

Thirteenth. Wlp‘nev(T thenj arc anj'^ adjustal)le rods used in a struc- 
ture, S(^e that they are i)ropcrly tightcmcf! bc^fore the work is left, taking 
care that they are not sciowcmI u{) more than is n^ally ncicessary. 

Fourteenth. In reinforc(Hl concrete work s(j(i that all rciinforcing bars 
are of the right kind for th(‘ various places, that they are put in correct 
position, and that they are held lhc;rein so firmly that they will not be 
disturbed when the concrete is being placed around them. See that as 
soon as any forms an^ removetl th(5 coiujrete exposed thorel)y is given its 
final finish williout dela^', for such wwk can then be done at compara- 
tively small expense, while later the cost is likely to be excessive. 

(B) Rails 

Fir,sL Examine all rails as soon as received, so as to sec that there 
are no poor oiu's which hav(^ escaped the rail-inspector’s eye, or which 
have been loadcnl for sliipnu'nt after being n^jected. Inspect also all 
othcT track-metal, siK^li as angle-lmrs, bolts, and braces, so as to see that 
they are of tlu' cornHit tyiK? and are delivcTed in good shape. 

Second. Sec* that all rails arc* laid to exac*t line and lc*vc*l, that thc'y 
bear i)roj)c»rl 3 '^ c^vc*rywhc're, and that they are properly spikc*d. 

Third. In nic)val)le spans, make sure that the track-rails at the ends 
will not interfere? with the opc*ration of the span. 

Fourth. When the rails are to be bonded, see that the bonding is 
done ill strict accordance with the specifications. 

((v) Paintino 

First. See that, after proper cleansing, drying, and retouching with 
paint, the metalwork rc'ceives its first field-coat of paint as soon as prac- 
ticable after erection, and that the next coat is applied as soon as prac- 
ticable after the first field-coat is thoroughly dried, but in no case before. 

Second. Make sure that all paints used are of the proper color, qual- 
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ity, anti consistency, and that no adulterants or thinners are used; also, 
that all paint is properly applied. 

7%m/. Look carefullj’' to the painting of all close spaces between metal, 
and sec that it is done elTectively with a piece of cloth, according to the 
specifications. 

Fourth. St'o that all i)ortions of the metalwork which are to rest 
on the masonry or which an* to be embedded in the concrete receive 
their two fiold-(ioats of paint in due time, so as to dry thoroughly before 
the said metalwork is erected. 

(D) h]XCAVATION 

First. Watch carefully all excavation so as to make sure that it is 
done in strict accordance with the s|KHafieations anti with the (^ity Ordi- 
nances, if th(*re be an^'. See that, in doing the excavation and in build- 
ing the structure, the Contractor does not obstruct public traffic. 

l^ecoml. In foundation-work in cities, see that all pipes and sew(?rs 
are moved properly" and coupled or spliced efTectively after being uncoupled 
or cut. 

Third. W’henever there is any doiil)t about the proper resistance of 
an}*^ foundation, test it by loading it by means of a properly designed 
and built apparatus. Always ram thoroughly any foundation where the 
resistance to load would l)c effectively increased by such ramming. See 
that the material from the sides of the pits is prevented from falling in. 

Fourth. See that all surplus material is removed expeditiously from 
City streets, and that, whenever any piece of construction is completed, 
all falsework, rubbish, (*tc., are removed from the site and are deposited 
in an unobjectionable place. 

(K) Foundations 

First. See that the bed-rock is always properly prepared to receive 
the caisson or masonry, as the case? may bfi, letting the (laisson into the 
ro(;k so as to provide an even l)caring around the cutting edge, and lev- 
elling or stepping off or filling up with concrete to niceive the latter. 

Second. In (*levated-railroad work, s(*(3 that wheniver columns are lo- 
cated in the stn^et their feet are propcnly encased in concriite, and that 
cast-iron fenders are (rornndly set around the columns and filled with 
concrete arid grouting, then sealiKl efTectively against the ingress of water. 
See also that, after the columns are up and encased, the pavement is re- 
laid in a substantial manner, to the satisfaction of the ("ity authorities. 

Third, When large steel cylinders are used, sec that they are kept 
well bra(;ed with timbers on the inside during sinking, so as to avoid 
all possibility of collapse. 

Fourth. See that proper guides are provided for all caissons and 
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cylinders, so that they can be kept in exact horizontal position during 
the entire sinking. 

Fifth. See that the tops of all piers arc properly finished off to receive 
the superstructure, taking care that all bearings are made perfectly smooth 
and to exact level. 

(F) Caissons 

First. In building timber caissons, see that the plans are followed 
exactly, and that the full quantum of timber bolts is used; also, that 
short timbers arc not put in where long ones are called for. See that all 
timbers are properly framed. 

Second. In sinking caissons, s('.e that they are never allowed to devi- 
ate materially from correct position, and that all errors of {HDsition are 
corrected as soon as possible after they are discovered. 

Third. In filling working-(;hambers of caissons, see that the concrete 
is packed tightly against the roof, and that no voids whatsoever are left 
therein. 

(G) Cement and Concrete 

First. Test all the cemcnit, according to the sp('(‘ial instructions there- 
for, so long before' it is needed for use that the (Contractor shall not be 
delayed by such tc'sting. 

Second. S(*e that all ce'inoiit is profK'rly housed and blockexl up above 
the ground, ajid if in barrels, that the latter are laid upon their sides, also 
that it is in (ivery other n('(*essary way protected effectively from the 
weather. Make surci that no damiHJiied or otherwise injured cement is 
allowed to be us(*d on the work. 

Third. Inspect as soon as (U'livered, and if j)ossible before being dumped 
on the ground, all sand and broken stones, so as to make sure that they 
comply in every particular with the spec'ifications; and insist always upon 
all of these materials that are rejected being removed immediately from 
the vicinit}’^ of the bridge site. If there lx; any doul)t whatsoever about 
the suitability of the sand for mortar and concrete, make a iiie(*hanical 
analysis to determine the; gradation of grains, and prc'pare and test suf- 
ficient sand bricpu'ttes to settle the mattca* beyond tlu' peradventure of 
a doubt. In soiiu' cases the stone also should be subjc'cled to mechanical 
analysis. Should there be any doubt whatsoever about the quality of 
the eoricn'te, standard test cube's or cyliiide'rs should lx; made from the 
actual mat('rials and brokc'n at the* end of se've'u and twonty-c'ight days. 

Fourth. Se;e that strong and projx'r forms for concrete arc used in the 
constructie)n of all piers, pcelestals, anel abutments, and that all visible 
portions of the latter are finished off smooth, the top surface being brought 
to exact elevation and made perfectly k;vel. 

Fifth. See that all ce)ncretc is mixeel accoreling to the specifications, 
that it is put in place immceliately after mixing, and that it is thoroughly 
rammed, joggled, anel spaded at surface as specified. 
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Sixth. See that no injury is done to the concrete in removing the 
timber forms, or, if any be done, that it be properly repaired; also, that 
the timber be left in whenever its removal woukl tend to injure the work. 
Do not permit the removal of forms beforc the concrete has hardened 
sufficiently. 

Seventh. When concrete is placed under water, see that either a 
trdmie or proper collapsing-bucket be us(h1, and that the water be not 
permitted to injure the concrete. See also that all such concrete is mixed 
extra rich. Make sure that the tr^mie is kept constantly filled with 
concrete. 

(H) Piling and Tuestlework 

First. See that all piles conform, in size, quality, and straightness, 
with the requirements of the six^cifications, even if they have been already 
passed by the timber inspector before shipment, and reject any that are 
unfit for use. 

Second. See that all piles are driven straight and in proi)er position, 
and that the tops are not unduly' injured in driving, having the said tops 
banded whenever nei?essary to prevent splitting. S(‘0 that any piles 
split or driven at incorrect location are tlrawii and rejc^cted or rc-driven 
to correct location as the case may be. 

Third. See that all piles are (ait off level at the exact elevation re- 
quired, and that the caps are propc'rly drift-bolted tla^n'to. On curviis 
see that the superelevation is obtained properly, and not by shimming 
up on the caps. 

Fourth. See that all sway-bracing is bolted effectively to the piles 
and caps. 

(1) Timber, Flooring, and Hand-rails 

First. Inspect all timber as s(jon as delivered, marking plainly all 
rejected piec(\s; and sec? that all such pieces an? n^moved from the vicin- 
ity without delay, in or(l(?r to prevent their being i)ut into the structure 
without the knowkidge of th(; n^sident cngin(?er. It is, of course, permis- 
sible to use the good portions of rejected timbers; but in doing so great 
care should be exeniised to prevent the workmen from putting any poor 
material into the work. The fact that all the tirnlier njceived had been 
previously accepted by th(? timber insiK?(;tor is no n^ason for using unsat- 
isfactory material; mor(‘OV(?r, sometimes it happens that timlxirs which 
the inspector has never even s(?en are marked with his stamp and shipped. 

Second. See that the floor system is properly laid and attached to 
the metalwork, that each rail bears effectively upon every tie which it 
crosses, and that the rails are laid straight, evenly, and to exact grade. 

Third. See that the hand-railing is brought to proper alignment, and 
is held there in a permanent manner. 

Fourth. See that all joists in highway bridges arc properly dapped 
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on floor-beams so as to bring all of their upper surfaces to exact elevation 
or elevations; also, that all intermediate joists lap past each other far 
enough to reach entirely across the top flanges of the floor-beams. See 
that the outer lines of joists abut and run continuously, and that they 
are effectively spliced on the inside. 

Fifth. See that all joists in which the depth exceeds four times the 
thickness are bridged at distances not to exceed eight feet, and that, 
when the hand-railing dejxinds for its rigidity upon that of the outer 
joists, the latter are well bridged and otherwise stiffened where the posts 
are attached. 

Hixih. See that alternate bolts attaching guard-rails to floor pass 
through both the flooring and the outer joists, and that all holes through 
the latter are bored in the central plane of the joist and not too close to 
mid-length. 

(.1) Masonry 

First. Inspect all stoiK^ as soon as reccivcul, so as to see that it has 
not been injured in transil, and that it is satisfactory in every particular, 
even if it has already been passed by the stone inspector. 

Second. See that all stones arc thoroughly ckjaned and wet before 
being laid. 

Third. See that all mortar is mixed in the proper proportion, and 
that it is used on the work before any set has occurred. 

Fourth. vSee that all joints are thoroughly filled with mortar, grout- 
ing or flushing being prohibited, and that the vertical joints are filled by 
the use of swords. Alakt* sure that no voids are left anywhere in the entire 
masonry construclion. 

Fifth. See that all coping-stoiM's are set so that the top of the pier 
will lie in a truly horizontal plain', and that they arc kept in place by 
proper chuiips and dowels as per plans. 

Sixth. Sec that the exposed joints are all cleansed and pointed in a 
thorough and workmanlike manner, and in accordance with the speci- 
fications. 


(K) General Instructions 

First. Sec that all proper precautions against accidents to the public 
and to the workmen bii taken during erection, and that no glaringly 
careless man be allowed on tlu' work. 

Second. If there be niorci than one contractor on the job, see that 
no friction arises between contractors, and that their combined work is 
finished in good shape. 

Third. While doing everything in your jKiwer to obtain good work, 
avoid as much as possible worrying or harassing the contractor, and use 
every legitimate c;ndeavor to aid liini to complete liis work expeditiously 
and inexpensively. 
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Fourth, Finally, and in short, study the specifications carefully, and 
do all that you can to (Misure the structure’s being in every respect a credit 
to all concerned in its designing and construction. 

(L) Ckment 

In respect to the testing of cement on construction work, the following 
instructions, which the author has prepared for his resident engineers, 
will give th(* rc'adcT all necessjiry inforiiiation, it b(‘ing understood that, so 
far as is possible*, no brands of c(‘inent are used (*xc(*pt those which cither 
the author or his assistants have* i)re'viously te'sted thoroughly by long- 
time tests, aiiel whie*h liave* ])rove*el to be iH*rfe*ertly satisfactory: 

First, In testing e*e*nie*nt in the fielel, reme'iriber that it is not a series 
of laboratoiy te*sts which you are to make, but that your ol)je*ct is simply 
to see that you are re*ceiving anel using cement of an average eiuality of 
the stanelard branel or brands ade)i)te*el, and that it comes up to the gen- 
eral re(iuire*ments of the spe*e*ifications. 

Second, I.ook out for invgularities in the quality of the cememt, so 
as to avoid using any that is cither too olel or too fresh, or whierh has been 
injured by darnimess. 

Third, T(*st first for fin(*n(\ss, second for soundness, third for activity, 
and fourth for rise in teini)eraturc', rejecting all cement which is unfit 
for use because of non-compliance with the si)ecifi(;ations in these 
particulars. 

Fourth, Make also the boiling tc*st as s|K*cified in C’hapter LXXIX, 
for if any cement fails to comply with its re(|uirements, it is not fit to 
use, unless, [M'rchancc*, it may be improved by ag(*ing. 

Fifth, Test all ccm(*nts for the tensile str(*ngth of neat briquettes, 
making one-day and sev(*ii-day tests. Never pass (‘ement on shorter time- 
tests than s(*ven days, as the one-day test is by no means (conclusive. 

Sixth. ;Make, nionc f(jr your own satisfaction than for any other 
reason, a few sand-bri(|uette t(*sts for seven and twenty-t*ight days, so as 
to know the value* of th(*, mortar which you are using. It would not do 
to rely on sand-briqiactte tests for the acceptance or rejection of cement, 
as this would delay the work too much. 

Seventh, You will often have to use your judgm(*nt about passing or 
rejo(!ting c(*ment that is needed for immediate^ use and whicdi fails in 
sonui (;omparativ(!ly unimportant point ciuite to fill tlui requinarumts of 
the specifications. Rath(jr than delay the contractor materially, pass 
such c(ancnt, provided that in your opinion its use will in no way injure 
the quality of tlui work; but, on the other hand, if the rejection of the 
said (!cm(*nt will not dcilay the contractor seriously, insist on its comply- 
ing with th(j specifications in every parti(!ular. Be careful not to let the 
contractcir run in any poor cement or force it upon you l)ecause of any 
assumed or real necessity for haste in completing the construction. 
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(M) Stone for Masonry 

In respect to inspection of stone for masonry, the author offers, as his 
idea of what stone-inspection should be, the following instructions to 
stone-inspectors, it being understood that they apply only to stone from 
quarries that have previously been investigated and found satisfactory: 

FinsL Reject all stone containing any dry seams. These seams are 
often vciiy hard to (h^tect; but usually by a careful inspection of the sur- 
face of the stone they may be found. Sometimes a mere line is all the 
evidence of the existence of such seams, while in other cases they show 
more plainly. 

Second. Reject all stone containing seams called “crow-foot,” which 
are (iither open, or which are liable to dissolve out after exposure to the 
weatluT. 

Third. See that no stone is (juarried at a time when it is liable to 
freezes l)efore the (piany-sap is out of it. Stone should be (luarried at 
least a month before it is allowefl to freeze. 

Fourth. See that no i)Owd(T or other explosive is used in quarrying 
the stone, exec'pting to remove ledges of useless stone, and even then 
inak(^ sure that no stone to bc^ used is injured by the (jxplosives. 

Fifth. If the stone be of such a character that the quarry-bed cannot 
be told at a glance, tlui inspector must mark each stone in such a manner 
that it will b(', sun^ to be laid in the wall on the said (juarry-bed. 

Sixth. llej(M*t all stone which is taken from any portion of the quarry 
that is a(Tect(*d injuriously at any time by frost. 

Serenth. Se(; that all stone is handled carefully after being taken 
from the (|uariy, s(j that no cracks are developed or other injury done 
thereto l)y rough usage. 

Fi(jhth. See that all stoiu's arc cut to the exact dimensions called for 
hy th(; plans, and that they comply in every particular with the speci- 
fications. 


(N) Timber in Woods and at Sawmills 

In respect to inspi'ction of timber, both in the woods and at the saw- 
mills, the author’s instructions to Ins tiinber-inspectors, as follows, will 
be found useful: 

Firat, Study w(dl and compare with the mill people all order-bills, 
looking car(‘fully to the various lengths, widths, thi(!kn(\sses, bevels, num- 
bers of pieces, etc., so as to make sure that your order-bills check properly 
against those furnishetl to the mill pi^ople and against the partial order- 
bills furnished by the latter to their various employees, so as to avoid 
all possibility of errors. If any be found, corrcet them yourself, if possible, 
but, if not, refer them to the Knginecr for correction. 

Second, l^ach timber-insi)e(!tor is to be provided with a sjxjcial stamp- 
ing-hammer of his own, that has a characteristic mark which will identify 
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all timber passed by him. Ho is to keep tliis hammer at all times in his 
own possession, so that it can Ixj put to no illegitimate use by interested 
parties; and under no circumstances is he to lend it to another inspector. 

Third. Each timber-insix?ctor must study carefully the specifications 
furnished him, and must Iw governed thereby; nevertheless, there will be 
occasions when he must trust to his own judgment as to what timber 
is fit and what is unfit for the re(iuired imrposc^, for general s[wcifi(;ations 
cannot be made broad ('iiough to cover all cases that may arise in filling 
a timber bill. \\'here a numlxT of inspectors are employed on the same 
piece of work, it will b(' m^cessary at the outset for the (Uiief Inspector 
to interpn't the' siiecifications and supplementary instructions for all of 
the assistant inspectors, so that the latter shall not differ at all in their 
requirements. 

Fourth. WIkmi inspecting timber lie careful to distinguish properly 
between the various varieties that are fit and those that are unfit for 
use. If not otherwise stated in the siiecifications, you arc to accept and 
reject as follows: 

Oaks 

Accept white, cow, chincai>in, post, burr or overcup, and live oaks. 
Reject red, Spanish or water, black, black-jack, and pin or yellow butt 
oaks. 

Pines 

Accept white, Xorwaj', long-leaf Southern yellow, short l(*af yellow 
(for certain purpose's only), and Cuban pines; also On^gon fir. Reject 
Southern-red, loblolly, and Rocky-^Iountain yellow i)ines. 

Cypj'e.ss 

Accept red, black, and yellow cypress. Reject while cypress. 

Fifth. Secure timber of as uniform a character as possible, avoiding 
any that shows large heart-checks or growth-checks, and rejeudJng any 
which has such defends of mine}r imjxjrtance within one inch of faeni or 
edge of timber. Avoiel all e!oarsc-growth, open-graineel timbeir, if other 
timber be procuraljle. 

Sixth. Rejend any sticks that show signs of worm-holes, elecay, 
scorching by fe^rest firejs, ring-heart, ring-shakes, rotten or blae;k knots, 
dark or eliscoloreel spots, or any other elcfect that would impair the) strength 
or elurability of the timl)cr. 

Seventh. Examine carefully by probing with a wire all hollow or birel’s- 
e3''C knots, and should the hollow Iw over one inch den'p, reject the tiiriber. 

Eighth. C'he;e;k lengths of cutting gauges every day, as they arc liable 
occasionally to be knocked out of position. (Jhcck widths and thicknesses 
at each change of the machine 
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Ninth. In inspecting piles, look carefully to their straightness, and 
see that they comply in this and in every other particular with the spec- 
ifications. 

Tenth. See that due care is used in handling and loading timber so 
as not to bruise it; and under no consideration allow it to be floated in 
the water after it is cut and dressed. 

Eleventh. Keef) a daily record of all timber accepted, so that the 
Engineer may be informed on short notice as to how much of any bill 
has been (;ut. 

Twelfth. Notify the Engineer or other proper party of all shipments, 
and keep an accurate a(!(!ount of everything shii)p(;d, so that upon short 
notice a statement in respect to any uncompleted order can be made, 
giving the amount that has l)e(in shipped and the amount that remains 
to be forwardcid. 

Thirteenth. The Chh'f Inspector must make regular monthly reports 
to the EngincMT or other proixT party or partitas concerning the progress 
of the work, (luality of timber furnished, etc.; and must send in monthly 
statements of all moneys received and expended l)y him in connection 
with his work of inspc'ction. 

Fourteenth. Use ('very endeavor not to caus(‘ by your inspection any 
more handling of material than is ii(M*(\ssary for doing your work thor- 
oughly; and do nothing to give the mill p(H)ple needless worry or expense. 

In concluding this chapter, the author desires to emphasize his pre- 
vious statement that, in order to obtain a truly first-class structure, it is 
necessary not only to d(\sign it proiierly and pre^pare thorough spccifi(!a- 
tions for its building, but also to provide a corps of competent and hoiujst 
inspectors, who, from start to finish, will examine carefully and t(‘st all 
materials that arc to ])c uschI, and who will see that the entire manufacture 
and erection are done in strict compliance with the specifications. 
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THIANGULATION 

The neccssit)” for extreme accuracy in the triangiilation for piers of 
long bridges is not generally recognized; hence result errors in pier loca- 
tion that sometimes require the lengthening or shortening of the super- 
structure, or which involve the adoption of an unanticipated skew. There 
is no excuse whatsoever for an}" such errors in location, l>ecausc th(^ UK^thotl 
of triangulation adopted should provide a check against not only blunders, 
but also even trifling variations from correctness of position, and because 
the Contra(!tor should invariably, at the outs(?t of his work, take such 
precautions as will prevent the oc(airrenc!c of any variation in sinking 
in excess of that provided for in the Engineer’s i)lans. 

In the triangulations for bridges over larg(^ rivers, such as the Mis- 
souri, the author makes a practicre of moasuring each basevline live times 
and each angle thirty times; and no point is ever located without using 
a check from another base-line, thus providing an int(TS(‘ction of three 
lines, which theoretically should be a mathematical point, but which ac- 
tually varies then^from, gemirally about a (luarh^r of an inch, and some- 
times even as much as one-half of an inch, in sights of aljout one thousand 
feet length. 

The author has tried both iron rods and stc^el tai)cs for measuring 
base-lines, and has adopted the latter .as the more accurat(\ Tlu^ objec- 
tion to using rods is that it is almost impossible to run a line a thousand 
feet long with three rods that must always be made actually to toiKih 
each other without sonadimes disturbing slightly the position of two of 
the rods, when eith(»r lifting or putting down the third rorl. With a re- 
liable ste(?l tape properly handled, the extreme error in a number of mea- 
surements of the same line should be less than onc-(iuarter of an inch in 
one thousand feet. This would make the probable error of the average 
length considerably less than that amount. If any ineasurenK'nt show a 
greater variation from the average th.an oncMiuarter of an imili to the 
thousand feet, it should be rejected, and another nK^asurement should 
be made to replace it. This presupposcis comparatively hivel ground for 
the base-line; hence, if the ground Ije very irregular, a greater variation 
may be allowed. It should, however, in no case exceed one-half inch 
per thousand fecL 

The tape-line used should be a new one for each structure, and it 
should be tested at the bridge shops, in comparison with their standard. 
As a matter of precaution, it is well to test it in the field with another 
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tape that is to be set aside as a reserve and not used unless an accident 
happen to the primary tape. For very long and important bridges, 
especially cantilevers with long spans, it would be well to have the tape 
tested by the Bureau of Weights and Measures at Washington, D. C., 
or by solll(^ other testing bureau of recognized standing — ^such, for instance, 
as that of the Washington University at St. liOiiis, Mo. The charge for 
such testing is usually merely nominal. As the coefficient of expansion is 
not the same for all tapes, it might be advisable for extremely accurate 
work to have the coefficient determined for the; taI)(^ to bo used; but in 
most cases of long-span bridges this would be an unnecessary ix^fincment. 
A fifty-foot tai)e is long (iiiough, and is in many respects preferable to 
those of gn^atcT k^igth. The author hjis not much use for extremely 
long tapes to measure distaruies directly Ixitween pier centres either dur- 
ing sinking or aft(T the piers are finished, beciaiise this method of mea- 
siirenuMit is l)y no irK'aiis as accairate as that of intcirsc^cting three lines 
on each pier and using two indefKaidently measured based-lines. There 
is no more diflicailt measurement to make correctly than one with a long 
st('el tape l)('tw(MMi two distant points without intermediate supports; 
because;, in (he first j)lac(‘, the; double; mcjasurcanent on shore and in cor- 
rect position is a slow and t(Hlious one to make, involving as it docs the 
use of the level to obtain the sag, which must be exactly alike in both 
cases, and, in the second ])lacc, the conditions of wind and temperature 
arc likely to vaiy to such an ('xtcait as to cause errors that are very dif- 
ficult to correct. Tlu; only direct measurement that is of any real value, 
and which can Ik; obtained before the falsc'work is up, is one made oh 
th(‘ ice. Ill such a measur(;ni(‘iit care must be tak(;n not to let the tape 
touch the ice, but to n'st it on plugs driven on perfect line into holes 
therein and cut oil to exact level. 

All l)ase-lin(; in(»asurements should be made in cloudy weather, or just 
after sunset, or even at night; and the temperature should be noted for 
each fifty fe(;t measur(;d, as all lengths must be reduceil to those for an 
assumed standard shoj) t(;mp(;rature of seventy degrees Fahrenheit, hlven 
slight variations of temi^eralure will cause; errors of importance in the 
length of an ordinary base-line, the (diange in length per degree of tem- 
p(;rature anti p(*r unit of length being about O.OOOOOtifi. For a base-line 
of one thousand feet and a variation of one degree the change in length 
would be (;ight oiie-hundr(;dths of an inch. This, it is true, is no great 
amount, but there is always a liability of there b(;ing a dilTcrcnce of as 
much as ten degretvs between the average; t(;miK;ratures for measurements 
made on two different days, and as much as two or three degrees in a 
single m(;asurcment of a base-line. In using a steel tajKi it is better to 
start from the one-foot mark rather than from the end, unless the ring 
be placed back of the z('ro-point. 

The author^s method of measuring a base-line on comparatively level 
ground is to run in a line of stakes of at least three inches by one inch 
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section and from two feet upward in length, spaced at intervals of about 
ten feet and put into exact line and level, nith a large flat-headed tack 
driven to lin(5 on each stake and the true; base-line tlefx^rinined by the 
instrument and scratched with a knife along the top of each tack. The 
line is measured 1)3” stretching the tai)e with a uniform pull of six pounds 
over the line of stakes, keejiing the one-foot mark or tlie zero-mark, as 
the case ma}” be, over the centre that is cut on the hub at the end of the 
base-line, and scratcJiing with a knife on the tack where the fifty foot 
mark on the tape comes, then starting from this point to measure an- 
other forty-nine or fift3” feet, and so on until the centre of the hub at 
the far end of the base-line is reached. The next time that the line is 
measured the first length should be thirt3”-uine or fort3” feet, so as to 
avoid using the same tacks; and each succeeding first length should be 
ten feet shorter. This not 011I3” involves the use of fresh tacks for each 
measurement, but also prevents an3” manipulation of the tape so as to 
make the partial measurements agree with thosc^ made pr(^viousl3^ In 
case that a perfectl3' k'vel lino cannot be obtainetl, the line should bo 
divided into level str(d<*h(\s, and where each brciak occurs thci length should 
be measured on the incline and corrected afterward for the effect of the 
rise or fall so as to ol)tain th(i true horizontal distance. For further di- 
rections as to measuring l)ase-lines \nth a steel tape, the reader is referred 
to Johnson’s “Theoiy and Practice of Survo3”ing.’’ 

The ends of ))asc-lines, as well as all inteniKHliate points from which 
triangulation operations irui}” l)e conducted, should l)c marked by solid 
and secure; hubs. In protectc'd j)lac(‘s th(\se ma3” consist of six-inch l)y 
six-inch timbers, three feet or more in lengtli, tlriven in tlie ground and 
cut off about an iindi above* the; surfaea*, the cemtre* bedng inarkeel with a 
tack, across which are cut two intersecting tines at riglit angles to each 
other. 

If the ground be su})jee;teel to harel freezing, the tim))e'r shoulel ))e in- 
creased in section to e;ight inches 1)3” c*ight inche\s, anel the; length she)ulel 
be such that it will pe;netrate the; grounel, if possible, abe)ut thre*e fe;e;t 
below fre)st. Tlie e;arth around the; hub location shoulel be; excavateel to 
the greatest elepth of frost, then the; timber shoulel be elriven in or sunk 
like a post and well tamped, afte;r which a stout timl)er ])ejx with an open 
bottom and a strong cover should be placed arounel the liub, anel the 
earth shoulel be packed are)unel the outsiele tliercof. Finally the ])e)X 
shoulel be filleel ne;arly to the top of the hub with sawdust or elry sanel. 
In case that the grounel be very hard, or if the be;el-re)e;k be near the sur- 
face, it will be l)est te) surround the hub with concrete, anel pre)tect it 
with a substantial cover of some kind to preve;nt elisplaccrnent. If elriv- 
ing or carting is to be carricel on in the vicinity of the hub, the latter 
shoulel be fenced in })y fe)ur stout posts sunk into the ground on the corners 
of a square of seven or eight fe;et on a side, the i)e)sts proj(;cting high 
enough above the ground to strike a wagon-box. In locating all triangu- 
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lation-hubs it is essential to place them so that the operations of con- 
struction will not obstruct the view of the transitman. If there is a 
possibility that any of the hubs will be disturbed by the operations of 
construction or in any other manner, such hubs should bo carefully ‘‘tied 
in'' by reference points located some distance away. This should be done 
as soon as the base-line is measured. 

There should be at least two base-lines, one on each side of the river 
and both on the same side of the bridge, or both should be on the same 
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side of the river, with one above and the other below the bridge. Usu- 
ally it will be found satisfactory to locate all piers from one point on each 
base-line, and for that reason the ends of the bnse-liiK^ should be (ihosen 
so that, if possible', all the piers can be seen therefrom. If this be im- 
practicable, or if some of the deflections would for any reason be too small, 
it w'ill be necessary to put in and use intermediate hubs on the bas('-lines. 

liase-lines, wdn'iiever it is practicable, should be run approximately 
at right angles to th(' longitudinal axis of tlu; bridge; but this is by no 
means essc'iitial, and it is folly to try to make, the intersection exacitly at 
right angk's, exci'pt in the follow'ing case, wdiich re]n’esents an ideal sys- 
tem of triangulation that can rarely be utilized, on account of tlu; existing 
conditions of shores, and obstructions both natural and artificial. 

The said ideal system consists in running four bas('-lines, as shown in 
Fig. OOu, all exactly at right angles to the c('ntre line of the bridge, and 
laying off thereon distances equal to those from the base-line to pier 
centres, so that all liiu^s of sight will intersect the ci'iitre line at angles 
of exactly forty-five degree's. The advantage of this system lies in the 
fac,t that all the piers are located by ilirect sight wit hout having to mesusuro 
the angle, the only angles requiring measurement being the four right 
angles between the base-lines and the centre line of bridge, and the four 
other angles required for determining and checking the distance between 
base-lines along the bridge tangent. 
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The lengths of base-lines for ordinary systems of triangulation will 
generally be regulated by local conditions. Tlu'y should usually be about 
as long as the total length of bridge, or, when there is a base-line on each 
side of the river, as long as the i>erpendicular distance betwt'en opposite 
base-lines; but, if necess^iry, they may bc^ made as short iis seven-tenths 
of the same. Too short base-lines will give too sharp int(*rsections, and 
therefore sometimes too great variations from correctness; nevertheless 
sharp intersections can be employed at times by taking extra pains with 
the work and by (Miiplo^’iiig an extra intersection as a chet'k, in case that 
any discn'pancj" occur. 

After the base-lines are measured and the hubs are put in, the next 
step to take is to measun^ the six principal angles of the triangulation. 
These should be measurcid with the greatest accuracy eontinuousl}’^ around 
the limb of the transit. The programme for such operation is as follows: 

1. With t(d(\sco|X) normal, set on left station, vcTuiers clampcnl. Head 
both verniers and record the readings. 

2. Unclamp verniers, set on right station, clamp verniers. 

3. Unclamp limb, set on left station, clamp linil). 

4. Unclamp verniers, s('t on right station, clamp vc'rniers. 

6. Reverse telescope, imclamp limb, set on left station, clamp limb. 

6. Unclamp v('rnicrs, set on right station, clamp venniers. 

7. Unclamp limb, set on left station, clamp limb. 

8. Unclamp v(^rniers, sc^t on right station, clamp verniers. 

9. Read both verniers. Record the readings. Divhle the total angle 
by four for mean value. Leave verniers clamped. 

1. Place telescope normal, loosen limb. Set on right stiition. Read 
verniers and record readings as a clw^ck against the possibility of any 
slight displacement. 

2. Unclamj) verniers, set on left station, clamj) vcrni('rs. 

3. Unclamp limb, set on right station, clamp limb. 

4. Unclarnp verniers, set on left station, clamj) v(M*ni('rs. 

5. Reverse telescope, unclamp limb, set on right station, clamj) limb. 

6. Unclamp verniers set on left station, (ilamp verniers. 

7. Unclamp limb, set on right station, clamp limb. 

8. Unclamp verniers, set on left station, clamp V(^rniers. 

9. Read verniers and record. Divide total anghi by four for moan 
value. Take average of these two ira^ans for jjrovisional value of angle. 

Then set the verniers ahead on the limb to some convenient angle, 
approximating the value just determined, so as to use another part of 
the graduated circle, and repeat the foregoing programme*, thus obtain- 
ing another provisional mean value of the angle measured. Them set 
the verniers further ahead on the limb to some convenient angle of about 
the same value as before and rcjieat the operations until the entire limb 
of the transit has been utilized. An average can then be taken of the 
several provisional mean values thus obtained, and the result will repre- 
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sent the final value of the angle. To attain accuracy the limb of the 
instrument should be graduated as fine as twenty seconds or, prefcra})ly, 
ten seconds. A heavy transit with a good solid tripod will usually give 
better results than those obtained by using a lighter instrument. The 
sun should never be pennitted to shine on the instrument when the angles 
are being observed, as it is impossible to make accurate measurements 
under such a condition. 

In keeping notes of triangulation-work a record should be made of 
the date, the temperature, the condition of the weather, the direction 
and approximate velocity of the wind, and the names of the transitman 
and picketman. 

If long sights are to b(i taken, the picketman should be provided with 
a pair of field-glass(is to (enable him to see the transitman’s signals; other- 
wise much time and labor may be si)ent to no purpose. Long sights 
should never be taken toward the sun when it can be avoided. 

The error of tlu^ sum of the angles in each of the two main triangles 
should not (‘xe(M*d two seconds in important work. Of course it is not neces- 
sary to go to any such refinement in short-span bridge's; but in very long 
ones the e'rren- might well be reduced as low as one second. If the error in 
a triangle ])e feiunel te)o large, it may 1x5 possible to avoid measuring all 
three angles again by looking over the* neites and ascertaining from the 
weather conditions which angle is rneist likely to be at fault, then measur- 
ing this angle anew. If the s(iCond average angle reduces the total error 
in the triangle to within a pro|K;r limit, all right; but if not, the other 
two angkis will also have to be measured a second time. On the same 
principk;, if, in a grouj) of ineasurements of one angle, one or two read- 
ings be found to differ greatly from the others, they may be thrown out 
when obtaining the average. 

It soinetiinos happens that both intersections of the bridge tangent 
with the Ixise-lines cannot be seen from one end of one of the latter. In 
this case it will be necessary to put in a hub on the bridge tangent far 
enough ahead of the hidden point to clear the obstruction, triangulate 
to it, and measure the exact distance from it to the hub on the base-line. 
This expedic'iit was nc'cessary in the triangulation for the author’s Jef- 
ferson ('ity highway bridge. 

An example of somewhat complicated triangulation is a layout lately 
prepared by the author for his proposed Havana Harbor Hridge. As 
shown in Fig. 006, the bridge tangent AB cuts the wharf of the Havana 
Coal Company near its outer entl, thus afforiling a long base-line BC 
close to its edge on the southeast side of the siiid tangent; but no base- 
line can be obtained on the northwest side themof. At the other end 
the bridge tangent strikes quite obliquely the face of a wall DE about 
twenty feet high above the water and about fifteen feet above the ad- 
joining street, along which a bjise-line AF about 700 feet long can be 
obtained. The intersection of this base-line with the bridge tangent at 



1462 


imiDGE ENGINEERINCJ 


Chapter LX 


A falls upon a small triangular piece of grouncl that is entirely unoccu- 
pied, thus affording an opportunity for buikling an elevated double plat- 
form to support independently the instrument and the observer, and to 
permit the latter to sight over the corner of the wall DE to the intersec- 
tion B of the bridges tangent with the long bius(^ line. Inside of the wall 
and about three fe(*t below its top is a roof garden, across and along which 
direct measurements may be made by taping. At the outer corner of 
the wall is to be locat('d an auxiliary triangulation point G visible from 
th(» far ('lid C of tlu^ base line BC. All the angles of tlie triangh's ABE 
and GBC are to be measured. If G proves to be visibles from A and vice 
versa j all the angles of the triangle ABG and tlu? side AG can be measured, 
but otherwise a point II on AB near the fa('e of the wall is to be taken 
so that all the angles of thci triangle IIBG and the base 67/ can be meas- 
ured. The distance All can be obtained directly by taping. 

The length AB can be calculat(Hl by two diften'iit systems so as to 
obtain a check, viz., by the triangle ABE, and by the triangle ABG, if 
G is visible from A, or otherwise by th(^ triangle J/BG and the dire(;t 
measurement of AH. The main pk'r ni'ar B, occupying a part of the 
wharf, will be located by dirc(it nu'asiirement, and tlu^ anchor pier near 
D by instruments at F and G; while the other main pi('r, which is some 
200 fe(jt outside of the wall at V, can be locati'd by instruments at E 
and C, provided thi're be no vessels along tlu^ wharf to intc'rfere. To 
provide for such a conting(aicy an int(^rm('dialo transit point can be lo 
cat(Ml on BC, and a short base line 67 can be run along the wall so as 
to turn off an angle of about forty-five d('gr('('s in locating the main pier. 

A check on the accuracy of any triangulation work is obtained by 
comparing the two (or mon') computed haigths of the bridge tangent 
between the intersections th(!r(?of with tlu* base lines, or betw(*(‘n one 
such intersection and a fixed point on the tangent on the other side of the 
river. The disagr(*enient in these two measurements should be within 
the limit of one-half of an inch to one thousand feet. To show how 
accurately such work can be doiK', the author would state that for the 
Jefferson City Bridg(i ho gave his njsident enginc'er instrucitions to allow 
no variation from correct n(3ss cxc('eding threcM'ighths of an inch in cither 
the main triangulation itself or in the intersections for pier cemtres. His 
instructions were followed so faithfully that no error excciciding three- 
sixteenths of an inch was allowed to jiass in any part of the work. The 
whok; field-force once lost an entire half day in rectifying an error of 
one-half of an inch in the intersection for a pi(;r (^entn^. This is an ex- 
cellent record for accuracy, considering that the distance between base- 
lines on the bridge tangent was a little over fifto'n hundred feet. The 
author is generally not so rigid in his requirements for exactness as he 
was in that case, tlu; reason for such strict instructioas being the fact 
that it was the resident engineer's first experiemee in important triangu- 
lation. 
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The triangulation for the authoris Sioux City Bridge, made by Leo 
Treadwell, Esq., C. E., Mem. Am. Soc. C. E., with a bridge tangent about 
twenty-two hundred feet long between base-lines, was probably just as 
accurate as that for the Jefferson City Bridge, because the errors in dis- 
tances between pier-centres measured on top of the falsework were actually 
inappreciable. 

As another example of the extreme accuracy with which triangula- 
tion work can be done, the author would refer to that for his Fraser River 



Fig. 60fc. TriiinRiilat ion System for the Proposed Bridge over the Entrance Channel 
to Havana Harbor, Cuba. 

Bridge at New Wostininstcr, B. C. The said work was done under his 
direct supcTvision by his resident engineer, H. K. SidtziT, Esq., C.E. 
The length of bridge iaiigimt between the opposite* base lines was about 
twenty-thrcM^ hundn'd feet; and it was found practicable' to measure base 
lines for four syste'ms of triangulation. Tlire'e' e)f the' line's were of ample? 
length, but the fourth was se) mu(;h sheirte'r than the' others that the re- 
sults olitaine'el l)y it we're' finally discareU'el. As the're' was a railroael 
track on e*ae?h siele; e)f the river near and approximately parallel to the 
shore? line', the? ceinelitions we're? ciuite faveirable? for base line measure- 
ment, which was generally done in the early morning before sunrise?. 
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The Icngtlis of all base lines were determined with such a degree of ac- 
curacy that the largest variation from the mean was one part in 106,000 
for one side of the river and one part in 61^,000 for the other side. From 
thirty to sixty measurements of each angle were made, and the error of 
closure per triangle wjis less than one second. The probable error in 
length of briilge tangent obtained from thn^e triangles was three-sixteenths 
(Vie) of an inch, and tlii^ gr('at(\st possible error was not to exceed three- 
eighths of an inch. Although the water at the; deepest place was 
eighty feet deep and the current ran both in and out with velocities as 
great as five miles jx'r hour, the piers with theur anchor bolts were so 
accurately located that it was found impracticable to measure the error 
in any span length. Work of such accuracy as this costs momy — and 
that money generally comes dimctly out of the consulting engineer’s 
pocket; nevertheless on important construction it should nevcT be slightiMl 
in th(‘ k'ast dc'gree, no mattcT how great may be the c^xpense involved in 
doing tilt? triangulation strictl}" in accordance with the jireccding directions. 

After the main triangulation for a bridge is finishetl, the next step is 
to compute the angle's to the various points on the piers that will be needed 
during the sinking. For a single cylinder pier it will suffice to triangulate 
to the centre only and for a pier composed of two cylinders a triangula- 
tion to the centre of each cylinder will be enough; but for a recjtangular 
pier it will be necessary to locate not only the centn^, but also another 
point near the periphery, in order to prevent the pier from being rotated 
about its vertical axis in going down. After tlui calculations are com- 
pleted, a triangulation-sheet should te prepared, on which should be 
shown all of the triarigulation with the various distances on all lines and 
the exact angles for all deflections. 

Foresights should next be located for the bridge tangent and for all 
pier points, so that thc^ transitman will nevcT be under the necessity of 
turning off an angles when locating a pic'r. The i)()sition for any fore- 
sight is generally determiiKMl by convenience, but it should be chosen so 
as to avoid any probability of disturbance. Ea(;h foresight, whi(;h con- 
sists of a substantial wooden target, is localerl by turning off the desired 
angle as nearly exact as may be, putting it firmly and substantially in 
place, and making a j)rovisional mark upon if. Then obtain the approx- 
imate' distance L from instrume'nt to target by eitlu'r sttidia or triangulation. 
Next measure accurate^ly by repeating ten timers or more the angle ac- 
tually set off by the provisional mark on the target. The difference 
between this Last angle; anel the true angle desireel, as originally coinputeel, 
will be a very small angle. Call it I) anel express it in see;onels and deci- 


mals of a second. Then the elesired correction is (y|ual to 


LD 


in the 


206,265 

same unit as that of L, Finally, set off the e*orrection on the target either 
to right or le'ft as may lx; nceeled, anel the fore\sight for the elcsireil angle 
will be obtained. h]ach target is to be marked also with its characteristic 
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letter or number, so that its individuality may be recognized by the 
transitman from the most distant point of observation. All foresights 
should be inspected occasionally so as to see that they have not been 
disturbed, although any disturbance will Ije discovered, the first time 
that the foresight is used, by the three lines failing to intersect in a point. 
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ENGINEERING OF CONSTRUCTION 

No matter with what care and skill a bridge be planned, nor how 
adequately the specifications governing its constriKition be drawn, if those 
plans are not faithfullj" carried out, and if the specifications are not ad- 
hered to, the result will fail to attain the standard of excellence set by 
the designing engineer, and to secure which his client is paying. If the 
result is not positively bad and dangerous, it is at least a tleception and 
a cheat. To forestall such a miscarriage of the client’s interest places 
a heavy responsibility on the consulting engineer who jirepares the plans 
for the striKdure. 'rhis will be better apprcciatcnl, perhai)s, after read- 
ing Chapter LXXVI. Such responsibility makes it iKH'cssary for his own 
protection, as well as for his client’s, that he have direct and reliable 
information that the (foiistriKition work is bcang carricHl on in accordaiKie 
with his plans and the spirit of his spoiafications. As the contractor’s 
principal incentive for doing the work is the anticipated ])rofit, it too 
often happens that a short-sight ( m 1 one will endciivor to enhaiice this 
profit by slighting the work. To meet this and other exigencies that arise 
during construction, it is customary to have an enginecT reside on the job. 

This resident engineer should be in the employ of the consulting 
engineer who prepares the plans. His function, speaking in general terms, 
is to supervise and facilitate? the construction work. More specifically, 
his duties are about as follows: 

1. To locate piers and abutments. 

2. To give line, grade;, and cut olTs. 

3. To inspect and test all materials entering into the permanent struc- 
ture, such as sand, rock, gravel, c('ment., concrete, and timbcT. 

4. To supervise construction. 

5. To check daily the positions of caissons. 

6. To make progress reports. 

7. To make monthly estimates of work done. 

Whore a tramway is built out from the shore for construction pur- 
poses, the piers can conveniently be located by direct measurement made 
by running on it an auxiliary working line, paralleh if practicable, to the 
bridge tangent. Perpendicular lines are then turn(;d at predetermined 
intervals for the piers; and the proper offset distances are laid out tow- 
ard the bridge tangent, thus locating the pier centres and axes. If there 
is danger of the high water carrying out the tramway before the piers 
are built to above the water line, a triangulation system should be laid 
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out in order to be ready for such an emergency, and thus prevent delaying 
the work. Instructions for doing this work will be found in Chapter LX. 

To facilitate the giving of lines for construction work, such as the 
transverse centre line of bearing on an abutment, permanent hubs and 
targets should be set so that the instrumcntrinan can recover the line 
readily and give promptly the desired information. Care must be taken 
that these monuments and targets are not set too near the field of the 
contractor’s operations; for his excavations are very apt to cause slight 
disturbances in the surrounding earth and thereby destroy the reliability 
of targets or monuments placed too close. It is a good plan to advise the 
contractor, preferably by a diagram, of the location of these targets and 
monuments and secure his cooperation in keeping the lines cleared as 
much as possible. Consideration must l)e given to the fact that as the 
piers and abutments build up, they will more than likely shut off the 
line of sight and that it will be necessary to use a back sight instead of 
the usual foresight in r(;cov(‘ring su(;h a line, ('oncretc monuments about 
a foot s(iuare and three or four feet deep, set flush with the ground sur- 
face, are easily and cheaply constructed. A six-inch lag-screw set in the 
approximate centre of the concrete top serves to hold the p\mch mark 
for defining the actual centn) on line. The coiuTete should slope in all 
directions from the lop of the lag screw, which will then serve also as a 
first-class bench mark. 

Bench marks should ])e distributed at convenient locations so that 
elevations can be given without involving more than one set up, thus 
saving time and reducing the chance for errors creeping in when hurried 
observations have to be made. All locations, measurements, and ele- 
vations of bench marks should be checked scweral times at the time of 
their determination; and they should further be checiked during the 
progress of tlu' work, if there has Ihk^ii any reason to suspect that the 
monuments have been disturbed. 

The inspc'ction of mat('rials in the field is only to supplement shop 
inspection and laboratory tests and not to supersede them. Metal should 
be inspectiMl at the time of its unloading to see that it has not been 
damag(Ml and that no pieces have been lost in transit. Timber also 
should be inspect(*(l at the time of unloading to see if it conforms with 
the specifications in regard to soundness, freedom from knots and cracks, 
percentage of sap-wood and proiKT size, and that the amount delivered 
checks with the invoice. Ordinarily it is the Contractor’s business to do 
the checking, but the Resident Engineer should satisfy himself that it is 
done. Rock should be insr)ectcd in car at time of delivery for hardness 
and freedom from dirt. Sand, also, should bo similarly inspected. 
Gravel is usinilly obtained from the bed of the river at or near the 
bridge site. It should be inspc^cted for cleanness and tested for per- 
centage of voids, if it is to be used for concrete. The test for voids 
can be readily made with a platform scale, like those used on store 
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counters, and a bucket. The bucket is first weighed, then filled with 
water and weighed again; then by subtracting the weight of the bucket, 
the net weight of the water is obtained, which, of course, is proportional 
to its voliiiiie. p]mply the bucket and fill with gravel and weigh, then 
fill with water and weigh again. The difference between these labfc 
two weights represents the amount of water required to fill the 
voids. This difference', divided by the weight of water filling the bucket 
alone gives the required pere^entage of voids. It is frequently possible 
to decrease the percentage of voids by adding coarser or finer material 
to the aggregate, and the engineer should exi^eriment in order to deter- 
mine whether such decrease can be effected; because, generally, the sav- 
ing of cement thus (?ffe(^ted overbalances the slight cost of adding material. 

The cement should be sampletl and tested after it has arrived on the 
work. The usual tests to be made in the field are for time of setting, 
soundness, and tensile stn'iigth. These should be conducted in accordance 
with the specifications of Chapter LXXIX. 

It is desirable to have some check on the quality of the concrete being 
produced as the work progress(\s. The simplest procedure is to make 
small beams, say 4" X 4" X 26", and then determine the modulus of 
rupture by bending tests. The compressive strength may be approxi- 
mated by the formula, 

/, = (8.64+ 1.8 logic .4) 
where /<, = compression strength. 

A = age of sample in months, 
and /< = tensile strength. 

A better check is to take samples of the concrete from the batch as it 
is being placed and put into cylindrical moulds about 8" in diameter and 
16" long. These should then be stored so as to be under practically the 
same conditions of tempi'rature and moisture as the conert^te in the work. 
These cylinders can then be tested from time to tinu? in a compression 
machine at the nearest laboratory. (Cylindrical samples are to be pre- 
ferred to cubes, because the concrete specimen fails along diagonal planes 
at about 55 degrees to tin* horizontal. In the case* of c!ubical spc'cimc'ns, the 
friction of the specimen on the plate of the testing machine is sufficient 
to give an apparent higher resistance. This sampling of the actual con- 
crete as it go(;s into pla(?e and its subsequent testing have a wholesome 
moral effect on the contractor and lead to a more (!areful mixing and 
adjusting of the percentage? of water, as a mat(?rial difference can be 
produced in the strength of the (concrete by changing this factor. Again, 
the knowledge of the actual resistance of the concrete as placed is of 
value to the designing engineer in guiding him in future work. 

According to the specifications given in (Chapter LXXIX, the con- 
tractor has the privilege of having any of the materials used on the work 
tested at other places than the site. In that case the resident engineer 
will send a competent inspector to fcach point indicated by the contractor. 
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but the latter must then bear all the expenses of every kind incident to 
such testing, including the salary, travelling expenses, and board of the 
special inspector. This privilege is often utilized in the case of cement, 
piles, timber, crushed rock, and creosoted timber. 

In having such testing done at a divstance from the bridge site, on 
account of its special character the engineer assumes a certain moral but, 
possibly, not a legal obligation to make such inspection final, although 
the specifications contain a direcit statement to the contrary. On this 
account care sliould l)e taken to s(^nd only an experienced inspector on 
such special work, and in most cases the engineer should rely upon his 
thoroughiH^ss and judgnu'nt. If he passes a lot of material that is unfit 
for use in the construction, such infiirior material has to be rejected at 
the bridge site; and immediately there arises the question as to who 
shall bear the pecuniary loss involved l)y such rejection. The contractor 
feels that he shouhl not be calknl upon to stand it, for he has done all 
that lu^s in his power to sc'cure good material, even to the extent of pay- 
ing for the extra cost of th<^ inspection; the supply man, often chuckling 
to himself, says, ‘^You ac(*(‘pted the material and that settles the matter 
as far as I am conc('rn(»'r’; the client says to the engi?ieer, “I don’t see 
why I should l)e made to bear this useless expenditure — what am I pay- 
ing you for?” The iu*gligent or culpable inspector is, of course, too im- 
pecunious and irresponsible to assume the pecamiary responsibility; and 
the engiiKHT is not paid a sufliciently large (oo to warrant his guarantee- 
ing the client against mistakes of his employees. If the question were 
brought before a jury, in spite of the specifications providing to the con- 
trary, they would probably saddle the expense onto the client, unless it 
could be shown that there wiis fraud involved on the part of either the 
supply-man or the* contractor. 

A case of this kind arose lately in the practice of the author’s firm. 
It became necessary to inspect some railroad ties for a large viaduct; and 
the only man available' was a young university graduate of seven years’ 
experience' in otfie'e anel field— an honor man, by the way. Ife was given 
a copy of the si)ee'ifications and seane sounel, practie'al aelvie*e before start- 
ing; but the result was elisastrous, for he ae'e*epted se'veral car loads of 
ties, half of which we're unfit for use. They were crooked, uneler-sized, 
anel rotten. The e>ute*e)me e>f the' matter was that by mutual agre'ement 
the loss was to be borne' e'(]ually by the ce)utracte)r and the engineers, the 
forme'r be'ing j)unished fe)r having ele'alt with a notoriously tricky supply 
man anel the^ lat te'r fe)r the'ir failure' te) selee't an ex]^eri('nce'el inspeictor. 
This easej is epiote'e! as a warning to all re'siele'iit e'ligine'e'rs to be careful in 
thejir se'le'e^t ie)n e)f inspe'edors fe)r the examinatimi e)f materials at places other 
than the brielge site. 

The author at various timers has had occasion to inspect for his work 
great amenmts e)f timber, some single orders involving as much as ten 
or twelve million feet board measure, and he has almost invariably had 
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good luck with his inspection. He usually has employed uneducated but 
experienced men from the saw-mills and lumber camps, preferably those 
from some place not too distant from (and yet not too near to) the district 
where the timber was to be cut or manufactured. The danger in choos- 
ing that class of men for inspection is that they arc liable to be bribed to 
pass inferior material; hence one should post himself thoroughly concerning 
the reputation for honesty of such inspectors before engaging them. 

In testing cement at the manufactory the engineer should guard him- 
self against the possibility of the manufacturer’s shipping to him other 
cement than that which he has had inspected and stored. It is, of course, 
impossible to mark all the bags, and generally the storing is done in bins 
before bagging; hence the only truly safe procedure is to keep the in- 
spector at the mill until the last of the cement is shipiifed. 

When inspecting broken stone at the crusher, the main points to look 
after are the freedom of the product from dirt, especially clay, the use 
of no unsuitable stone, and the adherence to specifications in respect to 
size. In some localities it seems almost impossible to secure truly clean 
stone, even where good rock is plentiful; because in wet weather the 
rocks sent to the crusher are liable to becioinc contaminated with wet 
clay. This is very difficult to remove, and its eflfecjts on the concrete 
are bad, notwithstanding all that may be claimed to the contrary; Ije- 
cause when little lumps of clay become mixed in the concrete, they form 
small surfaces where the strength is but little greater than zero. If the 
clay were thoroughly dry and mixed uniformly throughout the cement, 
that would be an entirely different condition; and it might even show 
an increased strength in the (concrete. It is, therefore, essential that the 
resident engineer pay special attention to the aggregate that he uses for 
his concrete; and any inspector whom he sends to look after the broken 
stone at the crusher should be one whom nature has provided with a stiff 
back-bone. 

The supervision of construction means seeing that the intent of the 
specifications and plans are being carried out. Here the resident engi- 
neer is called upon to exercise good judgment and diplomacjy. He should 
distinguish between those operations whi(;h directly affect the integrity 
of the structure and those which are incidental and preparatory to the 
major operations. For example, the location of a derrick or the placing 
of a pile driver are of the incidental order, but the quality of the con- 
crete deposited by that derrick or the position and penetration of the 
pile driven by the pile driver are of the major order and should be done 
to the satisfaction of the engineer as defined by the specifications. 

While the engineer may very properly make suggestions on the in- 
cidental operations, especially if called upon to do so by the contractor, 
it is l)etter policy to refrain from giving unsought advice and to let the 
contractor manage his own business as far as consistent with carrying 
out the plans and specifications. It should be remembered that the con- 
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tractor is being paid to do a certain piece of work in accordance with 
the spirit of the plans and specifications and that the burden of respon- 
sibility for so doing primarily rests on him. He should realize and ap- 
preciate this responsibility and that his compensation covers the carry- 
ing of this burden. Nothing should be said or done by the resident 
engineer that might be construed as a shifting or a dividing of this respon- 
sibility. Of course, if any anticipated operations of the contractor would 
interfere unnecessarily with the engineer's instrumental work or would 
tend to block the required rapid progress of the construction, the engi- 
neer has the right to advise or remonstrate, and even in extreme cases to 
command; but such power should be used with great discretion and 
diplomacy. 

When piers are to be built in open coffer dams, the work of locating 
them is comparatively simple, for when they are once located little or 
no movement takes place afterward. But when piers are to be sunk by 
the pneumatic process or by open dredging, great care must be taken 
at every st(;p, because the pier is always either moving or liable to move 
at any moment. In sinking piers by cither of the two last-mentioned 
processes, the resident engineer should keep such notes that from them 
he can report daily as to the exact horizontal position of the cutting edge 
of the caisson, the position of the top of the pier, the elevation of the 
cutting edge, the inclination of the axis of the pier to the vertical, and 
the amount, if any, that the pier has been revolved around its vertical 
axis. The (jontractor can coniluct his operations with much more cer- 
tainty of landing the pier in its true position, if he be kept informed as 
to its relative position every day. 

If temporary staging be used around the pier, from which to conduct 
the operations of construction, keeping track of the various motions of 
the pier will be a comparatively easy task, for the approximate alignment 
can be obtained from temporary points located on the staging, which 
points, however, need occasional checking to see that the said staging 
has not shifted slightly. If there be no staging, all locations will have 
to be made by triaiigulation, and, as before stated, two points on each 
pier will be needed in order to detect rotation. When the caisson has 
reached a considerable depth, however the liability to rotate is greatly 
lessened. After all that may be said, the work of keeping the pier in 
correct position will be dependent on local conditions and many varying 
requirements. 

In respect to the levels, care should always be taken to preserve such 
measurements as will enable the leveller to keep a record of the vertical 
distance from the cutting edge to the top of the crib at each of the four 
corners. This will be necessary in order to determine how much the 
said cutting edge is out of level. 

In giving the final elevations for the copings of the piers, it will some- 
times be found necessary to take very long foresights, owing to the im- 
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practicability of setting up the level near the piers. In such cases a back- 
sight should be taken to a bench-mark about the same distance from the 
instrument as the pier is th('refrom, and in the opposite direction, so as 
to offset a possible slight lack of adjustment in the k^vel, and to compensate 
for the curvature of the earth. 

The metluxl of finding the variation from corror^t position at both 
top and bottom of a caisson during the i)roccss of sinking and the prep- 
aration of the data n'ciuired by the contractor for rectifying the same 
are somewhat complicated, consequently the said method is herewith 
appended. The manner in which it wfis evolved some sixteen years ago 
by the author was rather amusing. l"p to that tinu^ lie had loft to his 
resident engineers the task of finding by iiK'thods of their own the daily 
positions of cribs and caissons; but once wIk'ii visiting a l)ridge under 
construction he found that the engineer in (‘hargo was unal)l(^ to solve 
the problem. The engineer demanded formula' and showed several un- 
successful attempts of his own to obtain them, consisting of a complicated 
mess of sines, cosines, and tangc'iits involving irx'xtric'able (ronfusion and 
reaching no result. The author sat down and pn'pared the following 
demonstration, which he submitted to th(' n'siilent ('iiginc'c^r to ch('(!k. 
All went well till the point was reached wht're the assumption is made 
that two lines are paralk'l when they are not. The young man ('X(?laim('d, 
^‘Here, this is all wrong; l)ecause those liiu's might be far from i)arallel, 
and the formula would lx; totally incorrect!'' 'riie r('ply was “If there 
is any serious incorrectness, you are at fauK for liaving p('rmitt(‘d the 
caisson to get so much out of position; but ('V('n if th('ro is a great error 
involved, the first sinking, if proy)erly niiinagcd, will n'lidi'r it inconsidi'r- 
able." It was difficult to convinc(^ the young man, who had not Ixx'n 
away from the technical sch(X)l long enough to lose? his aw(^ of mathe- 
matical forrnulje, that tlie riK'thcxl was proper, but after he had tried it 
a few tinujs he became firmly convinced of its usefulness and its satis- 
factory character. Every since then it has been a part of the equipment 
of the author's field engine(;rs. 


Method oe Locating the Position of a Caisson Duihntj 

SiNKINfJ 

N. B, The subscripts gcmerally indicate a direction pc'ryxaidicular to 
the plane corresi)onding to the letter of the; subscr ipt. 

In Fig. 61a, showing a top view of the caisson, let XX and YY be 
two coordinate vertical planes, th(5 former on th(j bridge tangent and the 
latter at right angles thereto and containing the up-and-down str('am 
axis B A C of thc^ c;aisson; i. e., the vertical axis of symiiKit ry of tlu^ latter 
passes through the point A, />, H, F, and (S are thc^ (X)rrect positions of 
the four cornc'rs of the crib or caisson. I^^t the position of the top rect- 
angle of the crib at any time during sinking be indicated by the primed 
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letters, and that of the bottom at the same time by the letters marktHl 
seconds. 

The fieldwork consists of the running in of the lines XX and Y\\ 
finding their intersections with the edges of the crib, thus locating the 
points 7i' and C' and determining their distances from the coordinate 
axes, and taking levels of top of crib at the four corners. 

It is understood that the vcrtic^al distances from bottom to top at 
the four corners have been measured, marked on the timber, and recorded 



in the note-book, so that if the top surface of the crib is not truly parallel 
to the bottom surface of tlu*. caisson the elevations of the four corners 
at the top can be corn'ctcMl accordingly so as to make the two planes 
parallel. 

b(*t hjc = perjMMHli^ailar distance of B' from XX, 

Let Cj. = perpendicular distance of from AW. 

Let = perp(Midicular dislance of /I' from XX, 

Let hy = pcapendicular <listance of B' from YY, 

Let Cy = perpendicular distance of from )'F. 

Let Uy = perpendicular distance of .1' from 

Let h = height from bottom of caisson to top of crib. 

Let I = length of crib {FG or J)F), 

Let w = width of crib (DF or BG), 

Lot Cd = correct ('(1 elevation of corner />' 

Lot Ce = corrected ek^vation of corner F\ 

IjQt Pf = eorrej’ited eU'vation of corner F', 
liCt pg = corrected elevation of corner G', 

Ijct = mean of c^, Cg, and Cg, 
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hx (lx — "I" ®x 

/. «X = K (fcx - Cx) lEq. 1] 

fcy Cly Cy *“ (ly 

a, = K (Cj - by) [Eq. 2] 

Equations 1 and 2 locate the position of the point A' with respect 
to the coordinate planes. 

The amount that any properly vertical line in cither of the facjos 
D'F', or EV', or in any parallel plane of the crib and caisson 

is out of position in said plane between top and bottom measured hori- 
zontally is 

(ef - €a) — or (eg - — 

Vi ti; ^ W 

But as the lines ainl E'G' arc very slipjhtly divergent from the 
plane XXy no error of consequence will be involved by assuming that 
this variation is parallel to th(T(;foro the distance parallel to XX 
between the projections of A' and A" on any horizontal plane is 

x = (ef- q) ^ = (fa - O ^ lEq. 3] 

Similarly thn distance parallel to I'F between the projections of A' 
and A" on any horizontal plane is 

U-ie,-ex)j={cf-ey)j [Ecj. 4] 

The coordinates of A” in relation to XX and YY will therefore be 


X" = (ly ^ X [Eq. 5] 

Y" = [Eq. 01 


The corrected heights of the four corners above and below a horizontal 
mean plane are respectively. 


V(i — ' Cj/i 

Ve = €e- 

ty = ej- 
^ 


[Eq. 7] 
[Eq. 8] 
[Eq. 0] 
[Eq. 10] 


The amount that the crib has been rotated about a vortical axis Is 
measured by the sine of the angle of inclination (0) of the line D'K' to 
the line D E, or 


Sine 0 = (.Cy — ay)-i- — 


[Eq. 11] 



ENGINEERING OP CONSTRUCTION 


1476 


The data to be given daily to the contractor arc as follows: 

1® How much too far North or South the point A' is. 

2® How much too far East or West the point A' is. 

3® How much too far North or South the point A" is. 

4® How much too far East or West the point A" is. 

5® How much each of the four corners is high or low above mean 
piano. 

6® How much the crib is rotated about its vertical axis, and in which 
direction is the rotation. 

This information is given respectively by Equations 1, 2, 5, 6, 7, 8, 
9, 10, and 11. 

In (!ase that the points S' and C' both lie on the same side of YY, the 
sign of hy in Equation 2 would, of course, have to be changed, making 
that equation 

Oy = (Cy + 6y) 

In applying Equations 5 and 6, care will have to bo used in regard to 
the signs; but it is easy to see in any case whether the terms are additive 
or subtractive. 

The contractor should be instriKited to use the engineer’s height- 
marks at the corners wh(m correcting the position of the crib instead of 
measuring from the corners of the timter or metal as actually built. 

Becohds and Kbpokts 

The business of making records, reports, and estimates is a most 
important one for the resident engint^er. To systematize su(;h work and 
produce a uniformity of results, the author’s firm has prepared a com- 
plete and detailed set of instructions for its resident engineers, from which 
the following is quoted: 


Records anil reports are for infonnation, the latter for the present 
information of the Main Officii, and the former for the present use of the 
Resident EngiuecT and for the ultimate information of the Main Office 
Records. They should be legible, concise, and (!omprehensive — permanent, 
accairate, and intelligible. This nKpiires orderly, systeniatiii arrangement. 
Blanks for records and reix)rts will l>e furnished from the Main Office. 
(a) Records. 

The Following Records Are To Be Kept 

1. Records of Progress of Work. 

2. Daily Record of Work. 

3. Material Record. 
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4. Field Notes. 


5. Correspondence. 


6. Estiniiites 


Monthly. 

Finn 


7. Expense Accounts (Monthly). 

8. Unclassified AVork Accounts. 

9. Final (iuantities. 

10. Eniployinent Koeords. 

1. Records of Frourcss of Work. 

Records of the progress of the work shall be made by filing the Engi- 
neering Staff Reports, amplified where necc'ssary b}'^ not(\s; by tiling one 
copy of each report as hereafter specified to be sent to the Main Office; 
by filing other reports; and by the records hereinafter described. 

2. Daily Record of ira/7i\ 

The daily record of work will be giv(*n l)y the I^ngineering Staff Re- 
port, amplified by attached notes where necessary. On a small piece of 
work where one man does all the insp(‘ction and supervision, these records 
may be kept in a bound diaiy similar to Diary Xo. 348, published by 
the Excelsior Diary Co. For all work when' nion; than one man is (»ni- 
ployed, the daily record is to consist of a serie's of leaves to be fastened 
with McCJill fasb'Tiers on card backs, or to Ix' fit(xl together in a suitable 
box, one leaf to l)e made out, numbered, dated, and sigiuid by each em- 
ployee. These are to l)e r('C('ived l)y the R(?sident Engineer not later 
than the following morning, to be checked, countersigned, and fikxl. His 
own card is to accompany the others and give a general summary of the 
entire work. 


Sample 


AA^ADDELL & HARRINGTON Day No. 95 

ENCHNEERING STAFF RIOPORT 

Job: Lit It* Rivc*r Date June 5, 1912. 

The following work was done today und(*r niy supervision: 

12 men concreting bas(^ Pier 2, 
used 300 sack.s (!(*incnt — about 
tK) yds. of concrete?. Delay imI 
one hour for ccin(;nt. 

Gave elevation.s for top of con- 
crete of base. 

O.K. 

M.J.M 

Cloudy. 

My time 10 hrs. Signed A. N. Inspector. 


Daily Records” arc to be made daily and are to be written with 
ink. They arc to include by each man, for the work under his charge, 
a general epitome of the disposition of the contractor’s forces, a state- 
ment, with approximate quantities, of what has been accomplished, and 
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such items of conditions for work, weather, and of especial moment which 
are of interest. Where instrument work or other engineering work has 
been done, a statement of what has been accomplished is to be given. 

If mixing and laying concrete, there must be stated the number of 
yards mixed and the number of barrels of cement used. (This latter item 
will be gotten from the Contractor’s office or from the man keeping count 
of barrels.) If driving piles, there must be noted the number of piles 
driven and the approximate penetration for all piles. 

If the bridge is not in or near a town, and the contractor has to main- 
tain a camp for the boarding of the men, the Engineering Staff shall 
make arrangements to board with the contractor, unless there is some 
place in the vicinity where board can be obtained. In any event, where 
the work is away from a town or city so that the Engineer’s staff can 
be in office after working hours, the daily, weekly, and all other reports 
can be made out then; but if the work is in a town or city, the crew will 
become scattered after working hours. In that case ca(!h man must turn 
in his report promptly at 7 a.m. of the morning after the day which the 
report covers, so that the Resident Engineer or his assistant can mail his 
daily report not later than noon. If this is carried out, the matter of 
getting up the reports will take a very small amount of time each morning. 

If orders for special work or special instructions to Contractor have 
been given, note should be made thereof for the order. Give details in 
figures or approximate figures; for instance, do not say: '‘Piles we have 
been waiting for came in,” but say: "50 piles in today, have been waiting 
for them since May 20th.” 

3. Material Record. 

A record of materials received is to 1x5 kept in a bound book, and en- 
tries are to be made not later than the day after the material is unloaded. 

The Contractor is to be requested to furnish this daily information in 
suitable memoranda; and he may be advised that the make-up of his 
monthly estimate will depend on the promptness and accuracy of his 
information. Car numbers and shipment numbers are to bo given. 
Mat(5rials delivered by wagon, boat, or raft are to be so noted. 

The daily record sheets are to contain sufficient information to check 
approximately the (contractor’s data. 

It Is Not the Duty of the Knyineer to Chech or Receive Material. 

He is in no way responsible for materials or their storage. 

The Engineer shall not make out detail bills of materials or in any 
way assume responsibility for the amounts ordered. He shall, however, 
determine in a general way the times that various materials should be 
received and shall remind the Contractor of his needs. 

The Contractor shall be required to furnish likewise daily a memo- 
randum, giving the number of men and foremen working each day and 
the disposition of forces. Details of time and nayment are not desired 
but merely the number of men. 
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In case the Purchaser furnish certain materials, he shall furnish also 
a material man to receive and receipt for such materials. This is not 
the Engineer's duty. If the Purchaser has no staff on the ground the 
Resident I^iigincer will employ a suitable man whose salary, together 
with all expense involved in looking after the Purchaser's material, shall 
be paid by the Purchaser, usually through the Contractor under Unclassi- 
fied Work. 

4. Field Notes . — (We recommend Dietzgen Books — ^Field Book 400: 
Level Book 410.) 

Full and definite field notes arc to be made of all surveys and mea- 
surements. They should ho complete in every detail and prepared in a 
neat and legible manner. Notes and sketches should be clearly made 
with a hard i)encil so that they will not become blurred. 

An office field book is to be kept in the office and not taken on the 
work; and into this are to be copied the notes from the field books used 
in the field. This copying may be avoided by the use of loose-leaf note- 
books, the sheets of notes being m(;rely transfi^rnid to the office book. 
Such notes as are luieded again in the field, as, for instance, distances or 
bench marks, may be copied, as required, from the office book. 

In using the loose-leaf system, each leaf should bear the tlate of work 
and the name of the compiler so as to be complete in itself. 

When corrections or additions are made to field not(5s after they are 
placed in the office, they should be in ink or colored pencil over the sig- 
nature of the corrector and with date of correction given. No erasures 
in field notes are permissible. Erroneous work is to be crossed out and 
correct work given near by. 

The details of handling field notes will be loft as much as possible 
to the preference of the Besidont Engineer, but the following must be in- 
cluded. Each book is to be indexed, the indexing l)eing done as the notes 
are put in the book. Each book is to have a title in ink on the first in- 
side page, giving the name of the Engineer and a page or so of informa- 
tion about its contents. There have bec'ii numerous books turned into 
this office without title or name or marks to f ell to what tlu' notes apply. 
It is well to explain in preface-remarks that certain not(‘s are pn'liminary 
or merely approximate, and to (k'signate fully those; which are final. 

Title and index every book of an entire series, for although you may 
send them in tied together, they are likely to become scattered. 

The value and character of field notes are determined by the ease with 
which any one, other than the maker, can follow them through and under- 
stand what was done. 

A change of personnel may be made at any time, and the notes should 
be in such condition that the incoming engineer may have decipherable 
information. Especially is it necessary to give full explanation of pre- 
liminary survey notes, such as hydrographic maps. 
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Note thus: 

"This survey wtis mode for the preparation of a Hydrographic Map of the Missouri 
River near Kansas City for John Doe, work done from April 10, 1906, to June 1, 1906. 
Party " 

4a, Record of Pile Driving. 

An engineer’s Level Book No. 410 is to be used for making record of 
pile driving. For pier construction a sketch of the pile plan should be 
made in the book and the piles should be numbered. Columns are to 
be provided to give Pier No., Pile No., Length delivered, Length put in 
l(*ads. Date Driven, Time Started, Time Finished, Elevation of Top, 
Cut-off, Elevation of Bottom, Length below cut-off or below base of pier. 
Penetration for last 5 blows, Drop of Hammer, Weight of Hammer, 
Remarks. 

4&. Record of Pier Sinking. 

The records of I’ier Sinking arc to be kept on special sheets, and are 
to be so arranged that there is provided a continuous record for each pier. 
No copy need be sent to the Main Office except in cases of special diffi- 
culty, etc. 

When, during th(' progress of work, data are s(mt to the Main Office 
for the d(\signiug of spcMiial parts, (?tc., th(‘ notes are to be reduced to profiles 
and maps, but (jopies of the original field data arc also to be sent in so 
that the plotting work may be verified. 

5. Correspondence, 

Press coi)ies, or carbon copies, or preferably both, are to be taken 
of eae.h letter written by the Resident Engineer. All correspondence must 
be properly fastened together in order, and complete files are to be sent 
to the Main Office when the job is finished. All formal written instruc- 
tions and notes to (Contractor are to be handled as correspondence. Roll 
copy-books can be used, reciuiring no copying press. 

Mark “ Receiver 1, date ” on all letters and papers coming to 

you. This is parti(!ularly important in the case of blue-print plans, etc. 
Many times revised prints are sent out and these should be substituted 
for the original drawings immediately and without fail. The old prints 
should be marked “Void” in evident manner, and then filed away till 
completion of job, and after final settlement they should be destroyed. 

At compl(‘tion of job the blue-prints are to bi' dc'stroyed, except those 
giving “final dimensions” as hereafter noted, 

6. Monthly Estimates. 

A bound book is to be devoted to the preparation of monthly estimates 
and no other notes included therein. These notes need Ix) only rough 
pencil notes, but are to be put in the book so they can be referred to. 
The estimate is made up by allowing the Contractor a certain value for 
all raw material delivered and certain fixed prices for quantities of work 
done. The cost of the raw material used in that work is deducted from 
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the total allowable value of the said work and the difference is credited to 
the Contractor. 

The specifications read: ^'On or about the first day of the month the 
Enginei^r shall pn^pare accurate estimates of the value of materials fur- 
nished and work done to date.*’ Thus there is some latitude as to just 
what day the estimate runs up to — prtjumably, of course, to the 1st, 
but it may be to the 27th or the 28th or to the 3d or 4th, if desirable. 
The estimati; forms are madij so that each monthl}^ estimate is a complete 
statement of the work from the beginning, and, except for the statement 
of money already paid the Contractor, is entirely independent of every 
other estimate. 

Each estimate can, therefore, be made by adding the increments for 
the current month to the sums previously given, or by making indepen- 
dent figures; thus pi'rmitting a possible inaccuracy to be easily corrected. 

All items paj'able under the contract are to be included in the esti- 
mate sheet, so that the entire accounts may be kept clear. This applies 
to such items as extras, bonuses, lump sums, etc. 

(q) Value of Material Furninhed, 

Usually in the contract there will be fixed schedule rates, to be used 
in valuing materials furnished; but if these are not given, the llesidimt 
Engineer should investigate the cost of the materials delivered and un- 
loaded and fix equitable rates. A close approximation will suffice, for 
these figures are merely pajinents on account, and they all disappear in 
the final estimate. 

If the material record is complete, the quantities there given com- 
bined with the rates so fixed determine the value of the materials deliv- 
ered at site. If the material record is iiuromplete, it is neimsary to meas- 
ure the amounts of all material on hand, including that which has been 
placed in permanent position, and that whi(;h has not yet been used. 

Under the items on the Estimate Shec't of the various materials de- 
livered at site give the quantity, rate, and value. 

(6) Value of Work Done. 

In the contract there are given unit price values for various kinds 
of completed quantities. The value of the work done will be the value 
of the completed item less the value of the material. For instance, if 
timber delivered at site is worth 820 per thousand, and timber in place 
is worth $35 per thousand, the value of the work done is $15 per thousand. 
This is so arranged on the estimate sheet. 

Under the items of various final quantities place the quantities com- 
pleted to date, as (jubic yards of concrete, lineal feet of 

piles in place, etc., the contract unit price, and the resultant value. Then, 
under the column marked “Previously Estimated on this Sheet,” give 
the value of the raw materials used in the completed quantity at the 
prices at which you valued them delivered. The difference is carried 
forward to the last column and represents the value of the work done 
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on the materials. A careful examination of the accompanying estimate 
(Fig. 016) ^vill make plain the method. This same method of figuring 
applies to any (iompletod item. For instance, from the gross value of 
concr(?tc is to be deducted the value of the stone, sand, and cement com- 
posing it. Likewise Mass of Foundation in place for ordinary pneumatic 
caissons consists of concn^tc' and timber, hence; from the gross value of 
the Mass of Foundation in place is to be deducted the figured value of 
the concrete and of the' timber in place comjx)sing the Mass of Foundations. 

(c) Bills of Unclassified ll^orir. 

All bills due on account of work done on any contract for which pro- 
vision for payment is not made in the contract are to be made out on 
the form shown in Fig. 6\j\ Such items are to bo referred to as “Un- 
classified Work.” 

The Contractor is to make out the bills on those blanks, providing 
as many copies as desired. lie should, of course, first submit to the 
Resident Engineer the details of the bills and have them in acceptable 
condition before rendering. 

Where the letter ordering the work is long or involvt^d, or the; work 
lasts ov(T a number of months, it may be jiasted to tin; first bill under it. 
When possible it is better to cop 3 " the letter ea(;h time. 

Detaih'd pajTolls and mat(?rial liills are to bt; simt to Waddell & 
Harrington, Main Office, for file. 

Bills for Unclassified Work are to be cleaned up each month, and all 
such work is to be included on the monthl}^ estimate. The Contractor 
should be advised that all bills for Unclassified Work must be rendered 
promptly month by month, if the}'^ are to receive consideration. 

Unless special orders arc given, th(;r(; arc to be five copi(;s of the es- 
timate made. Four of these are to be sent to the office; and after being 
checked they will be forwarded. 

One copy is to be r(;tained by the Resident Engineer. 

One copy is for the Office;. 

One copy is for the (Contractor. 

Two copies are for the company. 

The usual items given l)y the estimate will be as follows: — 

Superstructure under Different Classifications. 

Riveted Truss Spans 

Pin-connected truss spans. 

Lift Span. 

Towers. 

Girders, etc. 

Metal delivered at site. 

Metal erected. 

Metal riveted. 

Metal painted and completed. 
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Decking. 

Timber delivered at site. 

Timber in place. 

Rails and fastenings delivered at site. 

Rails and fastenings in place. 

Falsework Material. 

Timber delivered at site. 

Timber in place. 

Piles delivercid at site. 

Piles in place. 

(N. B. — Usually no allowance is made for falsework.) 
Substructure. 

Metal delivered at site. 

Metal en'cted. 

Excavation on land. 

Caisson timber delivered at site. 

Caisson timber in place. 

Sand delivenul at site. 

Broken stone; delivered at site. 

CJravel deliver(;d at site. 

Reinforcing metal delivered at site. 

Concrete in . 

(yoncrcte in . 

Concrete in . 

Mass of Foundations in place. 

Bases of Piers in place. 

Foundation Piles delivered at site. 

Foundation Piles in place. 

Unclassified Work Bills previously rendered. 

Unclassified Work Bills attached. 

7. Final Kstimates. 

The final estimate will contain the exact final quantities of the vari- 
ous items arranged for in the contract; but as in most cases all raw 
material deliv(;r('d will have been incorporated into th(' items for payment, 
the valuations for raw materials ilelivered are omitted entirely. 

This may, likewise, apply on any estimate. When all of a given raw 
material has been converted into items of final quantities, its valuation 
as material delivered may be dropped. For instance, after all the con- 
crete is in place it may be valued at contract price and no deduction made 
for value of separate materials, and no mention need be made of valua- 
tion for these materials as delivered. This is to be applied only as the 
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items of the contract are completely finished, but never before, even 
though the amount of a material delivered and the amount consumed 
are identical. 

As all the estimates except the final are for payments on account, it 
is not ne(!('ssary to carry out the figures of quantities to the last unit. 
They should be so figured and recorded in the estimate book, but the 
nearest even figure may be given on the estimate, thus facilitating fig- 
uring and checking. For instance, if there have been delivered exactly 
1,287.2 cu. yds. of stone, the figure may be given as 1,290 cu. yds. or 1,300 
cu. yds. without impropriety. Final quantity figures should all, of (jourse, 
be given exactly after having been carefully computed and checked. 

8. Uyiclassificd Work, 

The specifications arc so written as to include every kind of work that 
it seems will be necided to complete the entire construction. Work not 
classified or included under the classifications given is to be done under 
written order, which written order must be delivered to the Contractor 
by the Resident Engineer before the work is done. No orders for Uii- 
classified Work will be sent from the Main (.)ffi(*c to the Contractor, but 
must pass through the hands of the Resident Engineer to be recognized 
in making up the estimate. 

Extra claims advanced by the Contractor after the work is done will 
not be allowed. 

The Resident Engineer will keep accurate accounts of time, labor, and 
expenses for materials; and as all such orders are to be in his hands be- 
fore any work is done, he is in a position to know definitedy just what 
has been ordered and how much should b(i allowed. The work of the 
men must be watched with sufficient alertness to see that they devote 
their entire time to the duties assigncid. TJnder ordinary conditions it 
will not be neemsary to employ a sp(?cial man to ke(;p track of labor or 
material used in doing Unclassified Work; but the Inspector supervising 
such work shall keep a record of the amount of labor and material cmploycMl. 

Inspectors keeping such records should compare the tinier of the labor 
charged to Unclassified Work with the Contraertor’s time-ke(;p(‘r. This 
must be done daily, as by so doing disputes will be avoided. (Contractors 
must report daily to the Resident Engineer’s office the numlwjr of men 
employed on all such work so that the Resident Engineer may have a 
check on the bills when rendered. The Insiiector must keep a record 
and turn it into the Resident Engineer daily so that it may be compared 
with the Contractor’s daily report. Where the unclassified or percentage 
work is of some magnitude and promises to last over some months or 
demands an undue amount of the time of the Engineering Staff, a special 
timekeeper or inspector is to be employed; but he will be paid by the 
Purchaser on the Hills of the Contractor. 

Before giving any order for unclassified work, the Resident Engineer 
'should consult the Main Office. No extra work is to be considered with- 
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out a careful reading of the contract to find if the work in question has 
not been already covered, or at least understood and implied to be cov- 
ered in the contract. In case of emergency, if the Resident Engineer is 
uncertain of what stand to take, he may so express himself to the Con- 
tractor, advising that he will keep account of time and cost to be used 
if the work is finally allowed as an extra after consultation with the Main 
Office. 

It must be borne in mind that the intent of the specifications and 
contract is to prodiujc a finished structure, and that all incidental work 
and materials therefor are implied. Contractors will often claim prepos- 
terous extras with the id(\*i that, if they are allowed, the Contractor is 
that much ahc'ad. For instance, in th(i (;ase of a pneumatic pier a Con- 
tractor clainuHl an extra for sealing the cutting edge of the working cham- 
ber, although palpal)ly such a pier could not be constructed without seal- 
ing the cutting edge any more than it could be without driving nails. 
The price per yard to Ixi paid (covered a finished jrier ready for use, and 
not one without th(^ (rutling edge scaled. 

9. Record of Final QuantilicH. 

The Resident Kngiiu^er is to prepare a book giving final dimensions 
and (luantities of all constructions. This book should include nothing 
else and should contain only final figures. Little sketches giving dimen- 
sions are good, l)ut if th(‘S(' are so complicated as to rc(iuirc undue time, 
a folded blue print plan may be pasted in the book and the final dimen- 
sions clearly niark(Ml “Final.” Accompanying the sketches or drawings 
are to be the abbnwiated calculations for final (luantities. 

Any other data throwing light on the construction is appreciated. 
These may l)e dates of starting and finishing, highest water, rate of sink- 
ing, rate i)er day of erection, etc. 

Endeavor to include everything of interest to one looking over the 
records ten years luiice, and have it all in the one book so that the com- 
plete final details of the whole construction may be found together and 
in order. 

The; title; page is to be inarkeel “Final Quantities for Bridge”; 

anel any (;xplanatory notes that are neeeled are; to be given fully. This 
be^ok is to be se) exunplete that no other notes neeel be referreel to in order 
to determine the final sizes anel position of eae;li part of the structure. 

(6) Re'ports. 

Daily Reports 

The following reports arc to be prepared elaily. 

1. Daily Progress Reports on Substructure, 

The Resielent lingineor is to fill in every day the columns that are 
marke;el with an aste;risk on the blank furnished for that purpose (se;e 
Fig. 61c); and in case of all piers sunk by either the pneumatic or the 
open-dreelging process, he is to make daily observations of position anel 
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is to record the same, together with certain other information, on the 
special blank form provided. (See Fig. 61d.) These reports are to be 
sent every night to the home office. 

2. Daily Progress Reports on Cement Tests. 

Whenever any special tests on cement are being made at any other 
place than the bridge site, the Inspector in charge of the tests is to make 
a daily report to the Resident Engineer, using the form shown in Fig. 61e. 

3. Daily Progress Reports on Superstructure. 

The Resident Engineer is to fill in every day the columns that are 
marked with an asterisk on the form furnished for that purpose. (See 
Fig. 61/.) This report is to be sent each night to the home office. 

4. Daily Progress Reports on Reinforced Concrete Structures. 

The Resident Engineer is to fill in every day the columns marked by 
an asterisk on the blank provided for the purpose (see Fig. 61gf), and is 
to send the same each night to the home office. 

Weekly Reports 

The following reports are to be sent to the office each week, preferably 
being mailed Saturday night. 

1. Percentage Report of Work. 

This report is general and can be applied to substructure, to substruc- 
ture and erection, or to erection alone, or it can be used for reinforced 
concrete structures. The information is intended to be approximate only, 
and the object of the report is to give the general conditions of the work 
at a glance. (The form to be uschI is shown in Fig. (jih.) 

Under materials, the approximate percentage of each material received 
is to bo shown by one color or by hatching, and the jx^rcentage of the 
material used is to be shown l)y another color, or in black. On the blank 
lines materials not mentioned may be included. The amount of each 
material available is thus readily seen. On the table of “Percentages of 
Work Completed” several different parts of the work can be shown, each 
by a separate line; and one line should be given for the contract as a 
whole. A straight line should be drawn from 0 per cent at ilatc of start- 
ing to 100 per cent at date of completion for the job as a whole. Eac.h week 
only the parts of the lines for that week need be drawn — the prior parts 
of lines will be filled in by the office. Each line should be labeled or 
referred to the labels below. It will be noticed that the months are con- 
sidered as of four weeks each, and such rough approximation will be 
sufficient for this report. 

2. Weekly Chart of Progress. 

This report is made by marking with colored pencils the condition of 
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work on a small drawing of the general layout, as indicated on sample. 
(No illustration is herein given.) 

It is desired that these weekly reports reach the office promptly; for 
copies arc sent out to the client and to the Contractor from the Main 
Office. General notes in a sentence or two should be written on the 
chart to amplify the information there given. 

Monthly Estimates 

The monthly estimates are to be made out as described above, and, 
unless otherwise directed, all copies but one are to be sent to the Main 
Office, from which they arc distributed. 

Cement Reports 

Reports on the testing of cement are to l)e made on the Cement Re- 
port Sheets marked CRl. (See Fig. 61<?.) These are made to include 
tests of two samples. These rei:)orts are to be filed in the office of the 
Rcsidciiit Knginecr; and on the completion of all tests for a given car 
or bin or shipment, summarized reports are to be made on sheets marked 
CR2. (ScHi Fig. bh’.) A copy of this summarized report is to be sent 
to the Main Office. 

When th(; tests of fineness and soundness for any given car arc com- 
pleted the ('ontraotor should be notified by letter, thus: “Preliminary 
tests on C'ar No. are good,'' or “show doubtful and will be re- 

peated.” When the seven-day tests are completcKl, give the final word 

notifying the Contractor by letter advising that ("ar No. “has 

been tested and found satisfactory and is hereby accepted”; or if re- 
jected so state, and add “Please arrange for immediate removal.” 

Report on Materials 

In general there will be no regular reports for inspection of material 
oth(T than (rement and steel. Usually where lumber, stone, saml, and 
similar materials are examined, no report need be made, the advices that 
such materials are r(*(!elved aiul unloaded being construed to mean that 
they have been examined and accepted. For certain cases, such as lum- 
ber to be creosoted, notations on the shipi)ing invoices are sufficient. 
For special cases application may be made to the Main Office, and special 
blanks will be furnished. 

Unclassified Work Reports 

All unclassified work is to be reported uiwii from time to time in sec- 
tions, as the said work is partially completed, using the form shown in 
Fig. iilj. 

Reports on Cost Conlrar^ts 

Whenever work is done according to the ‘‘Cost-Plus-Percentagc” or 
the “Cost-Plus-Lump-Sum” method, the monthly statements are to be 
made out on the form shown in Fig. 61A:. 
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Special Reports 

Wlicncvor special reports arc made, they arc to be ^v^itten out in full 
and sent to the Main Office, a copy being n'tained. 

Any special work, such as experiments or investigations for determin- 
ing special d(‘tails, are to b(^ n^ported in full, so that there may be a record 
complete of the findings and conclusions. 


Report on Plant 


After th(' Contractor has assemblc'd his plant and is about to proceed 
with work, makc^ out a Special Report on Plant. Includes a full state- 
ment of plant on hand, and whether, in your o])ini()n, there is likely to 
be any delay in the progress of any portion of the' work owing to the 
absence of any plant or equipment. State the (!loiitractorV n'ason why 
such plant is not installed, where it is at present, and wh(‘n he expects 
to hav(' it on the ground. 

State the t^q^e of each pile driv<T used, the weight of its liamiiKT, and 
the length of tlu' leads. Give th(‘ type' and capacity of (‘ach conen'te 
mixer and stone cruslu'r on the ground. For ji'ltiiig ])lants state the size 
of pumps, size of suction and <lischarge, capacity of boilcTs, what amount 
of water is available and at what pressure it can b(' dclivi'n'd at the j('t. 
State the number of comjiressors used and tlu^ siz(» of ('ach, tlu^ steam 
pressure under which these work, the corn'sponding air pressun', th(j 
number and size of receivers, and tluj typ(' and size' (if the air locks and 
of the working shaft. Give number and capacities of hoisting engine's. 
Give number and location of d('rricks. Giv(^ a list of grab buc'kets, orange 
peel buckets, tremic's, cominjte buckc'ts, c'tc. 

Practically all of the a})Ove information will be furnished by the Con- 
tractor on request. 

When new plant is provid(?d, a supplemental report is to be s(^nt in. 

The equipment usually provided for tla; R(‘sid(*nt Engineer includ('S 
the following: 

List of Material for Field and Office 


I Transit 

1 Level 

2 St(*('l Pickets 

1 L(JV('i Rod 

2 St('('l Tap('s 

1 Metallic Tape 
1 Extra Plumb Bob and Line 
1 Hand Axe 
1 Chopping Axe 
1 Box of Tacks 
1 Level Book 
1 Transit Book 
6 Small Note Books 


1 Cash liook 

1 JiCtter ( .'opying Book 

Ifiueprints of Substructure 

Ifiiu'prints of Supc'rstructure 

C'(jpy of Si)ecifi(!ations 

Estimate' She(;ts 

(kmtract Pri(r('s 

Writing Paper 

liarge Envc'lopes 

Small Envelopes 

P(*ns and Pencils 

Black Ink 

lied Ink 
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If Cement Is To Be Tested at Site 


1 Testing Machine 
1 Nest of Sieves 
1 Small Balance Scale 
1 doz. Moulds 

doz. Pan(^s of Olass 6" X 8" 

1 Heavy Pane of Glass 13" X 13" 
1 Graduate 


1 Coal Oil Lamp 

doz. Galvanized Tin Pans 
1 Cement Record Book 
1 Office Lamp 
1 Boiling Outfit 
1 Damp-box 


If Meamretmnts Are Made by Triamjulation 


2 Wood(^u Pi(!ket Rods 

1 Hand Saw 

2 Small Brushes 

1 (^an of White Paint 
1 Can of Venetian Red Paint 


50 Piec(‘s Tin 1" X 2" 
1 Thermometer 
1 Spring Balance 
1 Centre Punch 


It is hoiK'd that th(^ blank forms given in this chapter, which have been 
evolved by tlu^ aut hor and his firms during the last three decades, will prove 
useful to the engiiu'CTing profession, as tli(^3' repnvsc'nt the result of wide 
experi(»nc(*. tunl much hard thought and labor. The one given in Fig. 616 
for the Monthly Estimatti Sheet was ]>r(^parc'd in its present form by 
the author himself in 1889 for th(‘ Sioux City Bridge* over the Missouri 
River. H(i has emplo 3 '(Ml it ever since; for he (5an see no way in which 
it can be imj)roved. In (*ach cas(j it gives a quantitative liistory of the 
eiitin^ construction up to date*. 

It has not b(M*n considc'n'd necessar}’^ to furnish an example of the 
graphic m(*tho(l of n^cording the progrc'ss of construction, because a sim{)le 
(‘xjilanation of its use is all that is m'eded. The modus ojHrandi of employ- 
ing it, as indicat(*<l in the preceding "Instructions for Field Engineers," 
consists in showing with dilTc'n'nt eolorc'd on certain lithograplu'd 

sheets containing tin* general plan and j^rofile of the structure (which 
she(*ts, at the inc.eplion of the field work, are furnished in ample numbers to 
the R(*sidentEngine(*r by the Main Office), the different classes of w'ork done 
to date, ('ach class Iw'ing n*pres(‘nt('d b^^ a special color. This metluxl is very 
c*ffc*ctive, b(*cause it indicat(‘s at a glance tlu^ total progress of the entire 
work in all its details for the different dates when th(^ records w('re made. 

Th(^ mann(*r of using these various forms is so simiile and obvious as 
to requin^ no (*xplanation. 

In concluding this chapter it is well to state, for the benefit of the 
younger m<*mb('rs of the enginc'eriiig profession, that the Resident Engi- 
n(ier should never for a moiiK'iit forget that his omplo.yers, the Consult- 
ing Engine('rs, when placing him in charge* of the work of construction, 
entrusted to his care their professional r(*putation, the most valuable of 
all thc*ir worldly poss(*ssions; and that he should always so conduct him- 
self as never to give cause for any one to attack it on account of any 
legitimate or tenable reason. 
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Fig. 61c 

DAILY PROGRESS REPORT SHEET ON SUBSTRUCTURE 
Note — Figures on this sheet merely approximate. Sheet No. 4 

Resident Engineer, fill in columns marked * 


WADDELL & HARRINGTON 

CONSULTING ENGINEERS 

Kansas City, Mo. 

DAILY PROGRESS REPORT ON SUBSTRUCTURE OF 

No.... 

N amc of Structure Dat c 



Total 

f 

' In Place 

Placed 

Today* 

^otal 

W'ork 

Quantities 

lOsti- 

1 Last 

in 

in Progress 

iriated 

1 Report 

Place 

'Foday* 


Timber in caissons and cribs 


Concrete in pier bases 


Concrete in pier shafts 


Concrete in pcd(\stals 

1 1 ■ i i 

Concrete in 


! 

Metal in 

1 i i 

Embankments 

1 ; 1 1 



' 1 1 



i ! i 


1 1 1 


Materials 

Amount 

Rf3quired 

Tofjil 

Used 

Used 

Today* 

Left on 
Hand* 

Remarks* 

(/uisson and crib timbers 






element 


1 

1 



Sand 






Stone 






Pilc« 
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Pig. 6k— Continued 

DAILY PROGRESS REPORT SHEET ON SUBSTRUCTURE 
Note— Figures on this sheet merely approximate. Sheet No. 4 

Resident Engineeri fill in columns marked * 


TOUNDATION EXCAVATIONS AND PIER SINKING 


River Piers — Nos. 1 2 

3 

4 

5 

6 

7 

Work in Progress Today* 

Final elevation, cutting edgej | | 


i 

1 

1 

SottUnl today * j | | 



i 

1 

j 

Elevation today * | i i 

1 , 



Land Excavations at ! j 



1 



Total excavation requinid* j j j 


1 



'Fotal last report | ! | 


1 



Excavated today * ^ j ^ ' 1 

1 

CONTIUCTOll’S FORCE* 


ENGINEERING STAFF* 

No. Men 

Plant 1 AVorkiH.1 at 

! Name | Hours 

Workcxl at 


1 

1 1 




, i 

1 



1 li 1 



! '! ' 



i li i 



i !. i 



1 

! 1 



— - — 




Supts., Clerks, Watchmen, etc.. 

j ' 


Total Men 

1 

1 


Resident Engineer 
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Fi( 3. 61ci 

Pier Location Report Sheet 


WADDKT.L & IIARRlNCnX)N 

CONSULTING ENGINEERS 

KXnsas Citt, Mo. 

PIER LOCATION REPORT 
Name of Structure 


Pier No Hate 

Probable Final Elevation Cutting ImIkc 

Average Elevation C^utting lulgc Toilay 

Average Elevation Cutting Edge Last Report. . . 

Settlement in Ilnurs Feet 

Distance Still to go F(‘<‘t 

Elevation Water Surface 

Elevation Ground Line 

Immersion 

Penetration 

Air Pressure on Compressor Gauge 

M(‘thod of Excavation 


Concrete Placed Since I^ast R(*j)(irt 
Timber Placed Since Last Report . . 


Time Recortl Made 



Elevation of Lowest CormT 


r=====l== 

■"'^1 CI TTIXC; EDGE 

= 1 

Elevation of T^owest (’orner. 


Kind of MatcTial Excavate<l 


Instructions to (Contractor 


Resident Engineer 

Note. — On diagrams draw linc»s indicating bridge tangent and transverse centre 
line and give distance's of centre points of sides and r'lids of (*ribs from true linos. Mark 
low comer and give amount of each other corner above low corner. 




ENGINEERING OP CONSTRUCTION 


1493 


Fia. 61e 

FORM FOR DETAIL REPORT OF CEMENT TESTS 
WADDELL & HARRINGTON 

CONSULTING ENGINEEItS 

Kansas City, Mo. 

Testing Laboratory at 

19 

Inspector 

Tests Made for Brand 

Ceineiit to be Used for 

Car, Bin, or I^oad No 

Our No. Rwy. No. Initial or Namo, etc. 

Date Delivered 19. . 

Total Amount BbLs. No. of Sampler Taken Each Test R(‘preseiits. . . .Bbls. 

Tensile Tests Sample No 


Bri- 1 
quette 
No. 

1 Date 
i When 
Made 

Tiiiici 

in 

Air 

Arc 

When i 
Broken | 

Break- i 
ing 1 
Lowl 1 

Remarks 

Fineness 

Reejd. Tested 

1 

1 1 i 1 ' 

On No. 200, 75% 

2 


! 1 : 

On No. 100, 92% 

3 


1 i 1 

Soundness 

4 




Normal 

5 

! 


1 

i 1 

1 

1 

j A(!cclcrated 

0 

1 ■ i i i i 

1 Time of Settino 

7 


1 

1 

1 

1 


First Set Minutes 

Hard Set.... II.... M. 

S 

i 

1 

i 



Reqd. 30 Min. and 3 
' Hours 

9 

1 

i 

! 

1 

1 

Tensile Tests. 



Sample No 


Bri- 

quette 

No. 

Date 
, When 
Made 

Time 

In 

Air 

Age 

1 AN Ill’ll 

1 Broken 

■ Break- 
iiig 
Loiul 

Remarks 

Fineness 

Beqd. 'Fested 

1 i : . ! 


On X«. 2(K), 75% 

2 

i 


i 

1 

■ 1 

1 

On No. KM), 92% 

3 



j 



Soundness 

4 






Normal 

5 : 



[ 

i 


Ae(;elerated 

« 1 ! 



1 ! 

1 

1 

Time of Setting 

_^J 


] 

i 

1 1 

1 1 
1 i 


First Set .... Minutes. 
Hard Set... H M. 

1 ReqiL 30 Min. and 

1 3 Houls 

8 






9 




1 1 


Car No 



Accepted or RejcctcMl 

19 
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Fig. 61/ 

DAILY PROGRESS REPORT SHEET ON SUPERSTRUCTURE 
Note. — Figures on this shoot merely approximate Sheet No. 3 

Resident Engineer, fill in columns marked* 

WADDELT. & HARRINGTON 

CONSULTING ENGINEERS 

Kansas City, Mo. 

DAILY PROGRESS REPORT ON SUPERSTRUCTURE OF 

No 


Name of Structure Date 

Weather Temperature Stage of River 

STEELWORK— ERECTION 


Span No. 

1 Wp:ight in Pounds 

1 

Ff)l lowing Work 

In Progress Todtiy* 

Total 

Estimated 

PelivcTwl 

Today * 

In Place 
Last Report 

Erected ^Total Riveted 
Today * ^ To Date * 



■ 

1 : ; 

1 ’. ! 1 


1 

, . . 1 


! ■ : ■ 

1 ■ ■ ! , i 1 



. ■ i 
1 1 

1 : ■ ■■ i 



i ! ' ' ' 



1 

i 1 1 ■ ■ 

■ . 1 


! ' . 

|.' .!■ 11 ■ 1 


1 1 




i ! i : 

1 i 1 i i - ■ : : i . : : - ! 

1 

1 UlL 

: M 1 ’ ; ■ : \ \ 


! 1 ’ ! : 

I ' ' . ; i ■ 1 . : ■ : 


1 ' : ' ; 

i i : ■ M ■ i : . i • 1 ! ■ ' 1 

Viaduct 1 ■ : ‘ 1 I 

Miili .-ii'li: ■ I 
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Fio. 61 / — Continued 

DAILY PROGRESS REPORT SHEET ON SUPERSTRUCTURE 
Note. — Figures on this sheet merely approximate Sheet No. 3 

Resident Engineer, fill in columns marked"' 

MISCELLANEOUS MATERIALS AND WORK 


Classification 

Required 

Delivered* 

In Place 
Last R^ort 

Placed 

Today* 

In Place 
To Date 

Remarks* 

(ycment Bbls. 







Sand Cu. Yds. 






' 

Stone Cu. Yds. 





1 

Reinforcing M etal, 1 ibs. 

1 

1 


1 

Track Rails, etc. Lbs. 

i 



1 ! 

Paving Sq. Y^ds. 

1 

1 1 





! 



i 

Timber, Untreated M. 

i 



1 

Timber, CVeosoted M. 

! 1 

! i 


1 


1 i 


1 


! i 



1 


1 



, 1 1 1 1 



Contractor's Force* 

! 

1 Engineer’s Staff* 

No. Men 

Plant 

W'orked at 

Name 

Hours 

Worked at 






i 





1 




1 

1 

' 






1 

1 

1 

1 




1 ! 




' i ' 

1 1 




1 i 




! 1 




1 ! 









Supts., Clerks, Watchmen, etc. 



Total Men 



Contractor 

Resident Engineer 
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Fig. ^Ig 

Daily Progress Report Sheet for 
REINFORCED CONCRETE STRUCTURES 
Note— 'F igures on this sheet merely approximate Sheet No. 8 

Resident Engineor, fill in columns marked* 

WADDELL & HARRINGTON 

CONSULTING EN(JINEERS 

Kansas City, Mo. 

DAILY PROGRESS REPORT ON 

No 

Name of Structure Date 

Weaf her T(‘inperal ure 


(Quantities 

Total 

Esti- 

mated 

In Place 
La.st j 
Report 1 

PlactHl* 

Today 

Total 

in 

Place 

Work 
in ProKres.s 
Today* 

Concrete in 

Abutments cu. yds. 

1 

1 






“ Piers cu. yds.' 

** Arches or G ird’s cu . yils. ' 
Floor System cu. yds.| 

!!!!!!!!!!!!! 


Pavement sq. yds.j ' ' 

Hand Rail lin. ft.! ‘ ; ' 

^ ! I 


Materials 

Amount Total 
Requirtni, Used 

Usofl 

Today* 

Left on 
H:md* 

Remarks 

Cement bhls. 

i 




Sand cu. yd.s. 





Stone cu. yds. 





Reinforcing Metal lbs. 

, 




Form Lumber M. 





Falsework lin. ft. 

■ 






i 








FOUNDATION EXCAVATIONS AND PIER SINKING 


Piers — Nos. 

1 

2 

3 

4 

5 

“ i ' 


Final Elevation, cutting edge 
Settled twlay ■ * 

Elevation today * 






1 









1 



1 


1 i 



J_ 


Land Excavations at 

Total Excavation Required ft.* 
Total last report ft. 

! 


. 




1 


1 






! i 




Exeavated todav 
(depth in ft.)* 
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Fig. 61 g— Contot^ed 
Daily Progress Report Sheet for 
REINFORCED CONCRETE STRUCTURES 
Note.—Figures on this dicet merely approximate Sheet No. 8 

Resident Engineer, fill in columns marked* 


Contractor’s Force* 


Engineering Staff* 


No. Men 


Plant 


Worked at 


Name 


Hours 


Worked at 
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Fk;:. 61 1 
Form for 

SUMMARY OF CEMENT TESTS 
WADDELL & HARRINGTON 

CONSULTING ENGINEERS 

Kansas City, Mo. 

Testing Laboratory at 

19.... 

Inspector 

Tests Made for Brand 

Cement to be Used for 

Car, Bin, or Load No , Date Delivered 19 ... . 

Our No. Rwy. No. Initial or Name, oto. 

Total Amount. . . . Bbls. No. of Samples taken .... lOaeh Test Ueprf\sents Bbls. 

Fineness Tests Soundness Tests 

Required to pass 200 sieve 92 per cent 

Normal AccelcratcMl 

Required to pass 100 sieve 75 per cent 


Highest No. of Tests ( ). K. . 

Lowest No. of Tests Failetl 


Average 


TENSILE TESTS 


SAND TENSILE TESTS 


Required 

1 day 
150 

7 day 
3.50 

28 day 
.500 

Highe.st 

1 

Lowest 




Average 









Remarks 


7 day 
125 

28 day 
175 





1 


_j 



Car No 


. Accepted or Rejected. . 

Averages given arc for all the tests made 


19... 
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Fig. 61 j 

Report Form for Unclassified Work 

WADDF.LL & HARRINGTON 
consulting engineers 
Kansas City, Mo. 


For Unclassified Work done Contract No 

DurinK month Estimate No 

ending Bill No 


unclassified work dill 

For work or materials which arc not ciovcred, or implied as covered, by the plans and 
specifications, under any price in the Contract. 

By (Contractor) 

For (Purchaser) 

On (Job) 


COPY OF ORDER FROM ENGINEER 


Waudell & IIarrincjton By 


ITEMIZED DILL 


Total Amount Due 

Approved: Waddell & Harrington By 

Resident Engineer 


Bills for Unchissifial Work are to be rendered monthly and included in the regular 
estimate. 

One copjr of this bill to be psisted to each copy of estimate. 

The receipted vouchers for all items of this bill are to be sent to the main office. 
The Contractor is to prepare the bill with all copies desired, on this form, which will be 
furnished by the Resident Engineer. 
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Fig. 6U- 

MONTHLY STATEMENT FORM FOR COST CONTRACTS 
WADDELL & lIARRINCiTON 

CONSULTlN(3 KN(J1NBEUS 

Kansas City, Mo. 

For 


Statement of work done* by 

During month of 19 St at ement No 


Items 

Bill No. 

j Expt‘nditures , Plus per 

During , Cent as 

1 Month Applicable 

1 ! i 

Amount Paid 
Directly 
by Owner 

Difference 






! 

1 

1 

1 

this statfmient ; 

1 

i ! i 

I 1 Amount due by^ 



Remarks; 


We certify that this statement is correct 

WaDDKI.L & HARRlMiTON 
Consulting Engineers 

By Resident Engineer 






CHAPTER LXII 


KRECTION AND FALSEWORK 

Various methods for erceting l)ridgos have been developed to fit the 
different types of structures and the diverse conditions prevailing at the 
bridge sites. Tliesc methods may conveniently be grouped in two general 
classes, viz.: 

First, en'crtion with falsework; and second, erection without falsework. 

The choice between these two methods will depend on the type of 
structure and the conditions at the bridge site. As a help in making such a 
choice for any f)articular case, the salient features of each method will 
be briefly set forth. The several tyi)cs of bridge spans that the erector 
may bo called upon to build are as follows: 

1. Masonry {I rches. 

2. ('oncrete girders and arches, both plain and reinforced. 

3. Steel ginlers. 

4. Viaducts and elevated railroads. 

5. Truss spans. 

(). Movable sj^ans. 

7. Suspension bridges. 

When^ a span is composc'd of numerous members that have to be as- 
S(?mbl(Ml in final position, such as truss(\s, it is usually best and most eco- 
nomical to employ falsework, if the conditions at the site permit. Like- 
wise, masonry and concrtMc* arches, which require continuous support, 
are constructed on falsc'work, or centres, as the same is frequently termed. 
Those conditions at sil(^ favorabki to the building of falsework are a river 
bed that will j)ermil tla^ driving of piles, an interval between floods suf- 
ficient to allow of the span or spans being assembled, riveted up, and 
swung, frc'edom from interference by river navigation, and the absence 
of deep wat(M’, swift currcMit, drift-W(K)d, and ice. 

For singl('-track truss-spans, where no passing trains have to be pro- 
videtl for, it is customary to us(^ falsework consisting of four-pile bents 
driven at intervals to correspond with the panel points of the truss. If 
a traveller is to be employed in erection, these bents are made wide enough 
to permit the i)ta(‘ing at each ('lul of a pair of S" X lb" stringers outside 
of the span in order to support the rails on which the traveller runs. For 
shorter spans, where a (k'ri-ick car will handle the material satisfactorily, 
the bents need be wide enough to carry only the two trusses. If the piles 
arc sufficiently long to reach. to the top of the falsework, they arc capped 
with 12" X 12" timbers and sway-braced with 4" X 8" planks. In case 
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the said piles arc too short so to reach, they arc capped, and a framed 
bent is erected on top. Horizontal 6" X 8" timbers, running longitudi- 
nally, are used to tie the bents together and to give additional stiffness, 
when the height of the bents exceeds twice their width. For falsework 
on dry land or hard bottom, framed bents resting on mud sills may be 
constructed. The posts are usually 12" X 12" timbers with the outside 
pieces battered to give additional stability. Caps, sways, and longitu- 
dinal wak's (correspond to those in pile bents. 

Should i)rovision have to be made for carrying trains on a single-track 
bridge during erection, six piles or posts are usc'd for each bent. Adequate 
longitudinal bracing similar to that n'cpiin'd for timber trestkes will have 
to be provicknl, in order to nvsist th^ thrust of brakcnl trains. For the 
designing of falsework, the Header is refc^rn'd to Chapter XXXV on 
"Wooden Bridges and Trestk\s," where he will find all the intcnsiti(‘s of 
working stresses and otluT necessary information 

It is usually desirable* to erect the floor system first, and afterward 
the trusses; but occasionally it is best to erect the trusses first. This 
quc'stion is discuss(*d (juite fully by Mr. Reiclimann on page 335. All 
truss conmcctions are to be riveted up as soon as possible after the truss 
members are erected, in order that the span may be self-sui)porting in 
case the fals(*work is waslu'd out. 

For spans over 250 feet in length, erection is best carried on by means 
of a traveller. This is essentially a frame-work in the shape of an in- 
verted U, support(Hl on at least four rollers or wheels that rest on rails 
laid along the stringers of the falsework previously mentioned. This al- 
lows of the traveller's b(*ing readily moved along as erection progress(cs. At 
the top are convenient i)latforms for the workmen and tools; and on 
each side are hung several sets of blocks and tackle for raising the mem- 
bers of the truss. A hoisting engine is mounted on a lower platform for 
operating the tackle. Frequently swinging booms are placed at the for- 
ward corners so that they can be handled like a derricck. In large canti- 
k*ver bridges it is practicable to employ om; or two v(jry small, compara- 
tively speaking, travellers or "muk\s" riding on the top chords and picking 
up the material for erc'ction from cars on tlu; deck below. For spans 
under 250 feet and for trestles and elevated railroads, the traveller may 
be dispensed with and a derrick car or locomotive crane us(mI for raising 
the parts into place. 

The falsework, or centering, for masonry and concTete arches is more 
complicated than that required for truss spans, because the curved form 
of the arch necessitates special construction, and because the loads are 
distributed along the span length instead of being concentrated at panel 
points, as in trusses. This latter calls for continuous support, so that 
lagging and beams are necessary to transfer the load to the columns 
or bearings. P^urthermore, the centering must l)e braced in order to re- 
sist the distortions produced by partial or unsymmetrical loadings. Set- 
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tlement of the supports is to be avoided as much as possible. Centering 
is sometimes built on top of temporary trussc^s, but in such cases provi- 
sion must be made to offset the deflection of such trusses. Further pro- 
vision must be made for a gradual lowering of these centres so as to bring 
every part of the arch into action at the same time. This is readily 
accomplished by using wedges under the centres, which wedges can be 
gradually loosened at all the supports. Sand-jacks are also frequently 
employed for the same purpose. 

Where conditions do not admit of falseworks ))eing (*onstru(;ted, truss- 
spans may be erected on barges at some distance, if need be, from the site 



Flo. (52«. Floating the Spread Span of the Fraser River Bridge into Place. 


and then floated into place and lowered onto the piers. This lowering is ac- 
complished by means of jacks or by taking on water ballast. This method 
was adopted for the spread span of the author’s bridge over the Fraser 
River at New Westminster, B. C. In that instance a depth of water of 
80 feet and a rev(;rsing current of five miles per hour were encountered. 
The spread span, which was about 232 feet long and 130 feet wide at the 
wide end, while the narrow end was of the ordinary width of 10 feet, was 
erected on three barges placed in triangular formation, as shown in Fig. 
62a. These were then floated into proper place, water ballast was ad- 
mitted, and the span was thus lowered into final position on its piers. 
A detailed description, setting forth some of the unicpie features of the 
work, is given in the Engineering Record, Vol. 50, pages 192 to 194 inclusive. 

Where it is not practicable to build falsmvork nor to erect tlie span 
on barges and float it into place, the structure can be erected by the 
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cantilever method. In this casi> special provision must be made in de- 
signing the bridge to take care of the erection stresses resulting from 
the temporary and unusual loading. A good example, and one of the 
earliest of this method of erection, is that of the Kentucky River High 
Bridge for the (Miicinnati, New Orleans, and Texas Pacific Railway, 
twenty-one miles south of I^exington, Ky. The semi-can tilevering 
method of erecting simple spans was first proposed by the author over 
a quarter of a century ago, and has lately been used by him on several 



Fig. 626. Cantilever Erection of the Canadian Norfliern Parifie Railway 
Bridge over the Fraser River nc'ar T^ytlon, B. C. 


bridges for the Canadian Northern Pacific Railway Company over the 
Fraser and the Thompson rivers in British (V)lumbia. Ifore the swift 
current and hard bottom prevented the us(^ of falsework in the main 
channels of both rivers. In the Fraser River bridge tli(i centre span, 
which was 290 feet long, was en‘ctcd from both ends by caniilevering 
out from each adjacent span; but for one of the Thomf)son River bridges, 
work could proceed from only one end, so that it was necessary to erect 
several contiguous spans by cantileviaing the full span-kaigth of 128 
feet. Fig. 25{/ gives a view of the Fraser River l)ridge during the opera- 
tion of semi-cantilcvering. 

Tru&sed arches arc often erected by the cantilever method. One of 
the early examples of this wfis the erc(;tion of the Niagara Arch, d(\scribed 
in Engineering News, Vol. 37, page 252. A later example is the ( Vooked 
River Bridge for the Oregon Trunk Railway, described in Engineering 
News, Vol. 69, page 549. 

The author\s 425' arch span near Cisco over the Fraser River was 
erected by cantilevering out the two halves till they met at the middle. 





I'la. C2c. Couiilc'rwciKht for ^Whoring, During En'ction, the South Half of 
the Arch Spun of the Cunudiun Northern Pacific Railway Bridge 
ovi'f the Fraser Kiver. 
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as shown in Fig. 026. At one end the anchor rods were nearly horizontal 
and were attached to the solid rock of a precipitous bluff, while at the 
other end they w'ere inclined and attached to a pair of heavy steel booms 
and a massive suspended anchorage, as shown in the photograph. The 
size of the adjusting toggle can be realized from the picture, because 
there are several men standing inside of it. A larger view of it is given 
in Fig. 02c. 

In some cases it is possible to use several intermediate supports in 
conjunction with the cantilov(T method, as was ('mployed in the erection 
of the Bellows Falls Arch, (h'seribed in Volume LXI of the Tramactioiis 
of the American Society of ('ivil Engineers. 

Another type of stru(;ture not requiring falsework is the girder span. 
This is usually s(;t in place by means of a gallows frame, gin pole, derrick 
car, or locomotive crane. 

Another method of erection, not often adopted, however, is that of 
launching the span endwise into place after it has been {issembled near 
its final position. This is accomplished sometimes by building a tem- 
porary projecting truss to the end of the iM^rmanent span and then mov- 
ing the combined structure forw'ard on rollers until the permanent span 
reaches the desired position, when it is lowered to the piers. This method 
has been fre<[uently used in Euroiie for small spans. An instaiu^e of it 
is the Jean Francois Lepin Bridge over the Northern Railway in Paris. 
The main span was 144 fi'ct and weighed nearly 445 tons, while the tem- 
porary projecting framework was nearly 88 feet long anti weighed only 
56 tons. An illustrat(?d account of this bridge; and of its erection is to 
be found in the Jifujineeriiuj Record ^ Vol. XXXVII, page 449. A further 
instance of launching a span by the combined means of temporary sus- 
pension cables and a hinged Ixjom is giv(;n in the Transactions of the 
Canadian Society of Civil Engineers, Vol. XVIII, page 350. In the case 
of the Reventazon River Bridge in C'osta Rica, a four hundred foot span 
was launched on rollers by employing a temporary pier in mid-channel 
to support the structure until it had moved into place, after which it 
was jacked up and the rollcTs w<‘n* taken out; and then it was lowered 
into position. See Engineering Record, \\)1. 61, page; 73. 

The erection of a suspension briilge begins at the towers. After these 
arc constructed, the strands composing the cables are anchored at one 
end, then carried up over the saddles on the tow(;r and across the open- 
ing, by various means, to the next tower, which they pass over and then 
into the anchorage. A moving platform or scaffold is swung from the 
cable so that workmen may wrap it with coils of wire for its protection 
or place clamps and suspenders in position for carrying the floor system. 
To these suspenders are hung the stiffening trusses, which arc erected 
generally l)y starting at the end of the bridge and using a moving derrick 
with boom of sufficient length to reach one or two panels ahead. 

The organization needed for carrying on a job of erection will, of 
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course, depend very much on the size and class of bridge that is being 
constructed. The erection of steel structuna calls for a special type 
of skilled workmen. In the larger jobs it is usual to have a crew of erec- 
tors, another crew of riveters, and still another crew for pile driving. In 
addition to those special crews it is desirable to have a gang of men for 
handling material. In the .smaller joI)3 this division of labor is not carried 
out so extensively. 

The usual equipment comprises a pile driver with hoisting engine for 
falsework construction, a derrick car for erecting the smaller spans, and a 
traveller with one or two hoisting engines for the larger spans. Several 
push cars for convenient transportation of mat(‘rials are needed. For riv- 
eting, a pneumatic outfit is Ixist, as more rivets per gang per day can be 
driven, and as there will Ixj fewer loose rivets to cut out and replace. 
Moreover, modern specifications for bridge erecting demand that pneu- 
matic riveters be employed for fiehi riveting. Forgew will Ixi required for 
heating the rivets. Th(‘S(^ should usually be; ojx'ratcd by hand, as there 
is then less daiq?«?r of burning the rivets; but for large* rivets the use of 
oil forges, oiwratod by compressed air, is necessary. If the pnciunatic 
plant is not iiustalled, sl(*dges will Ixj nmled for hand riveding. Various 
small tools, wrenches, drift pins, reamers, connecting bolts, etc., will have 
to be provided. 

The erection of roinforced-concrete bridges is quite fully treatexl on 
page; f)4G d mi.; and certain h'atures of erection work are discussed in 
Chapt(!rs LXIII ami LXV^ 

For further information on the subject of erection and falsework the 
reader is referred to such standard works on bridges Jis those of Johnson, 
Bryan, and Turneaure, and Merriimm .and Jacioby. Special mention 
should be made of the excelkuit illustratcnl chapter on “Adjusting and 
Erection Devices,” in Prof. (\ W. Hudson’s lxK)k, “.Deflections and 
Statically indetenniuate Stresses.” 



CHAPTER LXIII 


MAINTENANCE OF TRAFFIC 

The problem of maintaining traffic on an existing; lino wliilc replacing 
an bid bridge with a new one becomes in sonu^ cases a V('ry difficult mat- 
ter, and may involve such s('rioiis complications as even to aff(H!t the de- 
sign of the new structure. Various methods of traffic mai?it('nance have 
been employed, each oik^ having some special advantage for dilTerent sets 
of conditions. As a guide' to a choice of nuithods to adopt, the main 
features of each an^ herewith set forth. 

Where trains are more than a half hour apart and piles can readily 
be driven beneath or through the structure, it will lx* (*h(*apesi to er(*ct 
falsework umh'r tin? old superstructure, remove* the* lattt*r pi(*e*e by piece, 
erect the new span on the same suppe)rts, and the*n ele*molish the* false- 
work. This timber exnistnictiem must be* ele*sign(*el te) e'arry the live 
load as well as the we'iglit of the span; anet it shenilel have* ade*e|uate* le)ngi- 
tudinal bracing in order te) withstanel safeuy the thrust fre)m brake*d trains 
In Chapter LXII will be founel a elescriptie)n of the* eli(Te*re'nt type*s of 
falsework suitable for varie)us conelitie)ns. This methoel incre*as(^s in 
advantage dire*ctly as the) interval be'twe*en trains. 

For those cases whe're the service is me)re* freque*nt than one train 
each half hour eluriiig a consiele*rable iiortie)n e)f (he) elay, i( will be* feiunel 
best to builel, if possible, a by-pass or run-arounel. This is usually a pile 
or timber trestle. If riveT traffic has also to be; inai?itaiiie*(l, it will be 
necessary te) have a movable span in the saiel tre*stle* in e)rele*r te) permit 
of the passage of be)ats. This movable span may be* a ])air e)f girele*rs 
arranged to act as a lift span, or a bascule, or in se)me* e*ase*s the span 
may be pivote;el at one enel e)n the corne;r and have the; e)lhe'r enel supporteel 
by a barge when in operation. 

In rare cases the existing superstructure may be utilize*el to suppe)rt 
the new span and to ejarry also a limite;el train se'rvice, un(le;r which cir- 
cumstances the false;work can be elispenseel with; but, it will then be nec- 
essary that the perpeaielicular elistane;c be;twe‘en central plane*s of trusses 
of the new span e;xceed that of the olel erne suffie;ie*ntly te) j)e*rmit of the 
new construeition surrouneliiig that which is to be r(*place;d. This methoel 
is seldom employeel, because n(?arly all renewals are elue; to insufficient 
strength of the old strue;ture;s, whiedi generally have all they e*an elo to 
carry their own weight in aelelition to the live loael without assuming to 
sustain the weight of the new steel. IIowe;ve*r, certain conelitions make 
it necessary to adopt this method. Su(;h was the case at Kenova, W. Va., 

irm 
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where the Norfolk and Western Railway had to renew its bridge across 
the Ohio River. It was important that every precaution should Ik; taken 
to prevent accidents during reconstruction, as the nearest riv(;r crossing 
above Kenova was at Point Pl(;as<‘int, 60 mil(;s away, and the next nearest 
crossing was at Cincinnati, 150 miles down stream. The variation in water 
level amounted to some 70 feet between Hood and low-water elevations, 
and provision had to bo made for riv(;r navigation at all times during 
reconstruction. On ac(!ount of these strenuous conditions and l)ecause 
of the very h('avy traffic, the (;ontra(;t stipulated that no falsework should 
be j)laced in the river. The method finally adof)ted was to construct 
falsework only under the stringers of the end spans, which, at ordinary 
stages of th(; river, were ov(;r dry ground, then to disconnect the stringers 
from the Hoor-lieams, leaving the falsework io cany the old stringers, 
the old track, and th(; live; load. The new floor-1 K'ains were then sus- 
pended from the old ones l)y rods, and the nc;w spans w('re built up around 
the old ones on brackets attaclK'd to the; ends of the n(‘w floor-bc'ams in 
their suspeiuk'd position. After the new trusses were swung, the old 
spans wen; blocked up on them and disinantlcKl, the l)rackets were taken 
off the n(*w floor-lx^ains, the latter wen^ hoisttMl to j)roper elc^vation and 
riv(‘t(;d into the i)()sts, the* new string(‘rs were inserted and attaclu'd, tlw; 
new lat(Tal bracing was put in, au<l the track was laid. Of course, there 
was for each span a sliort int(»rval when it was incapable; of withstanding 
much wind ])rcssure l)ecaus(; of its lack of lateral bracing. By choosing 
qui(;t weather and working (piickly it was jK)ssil)le to reduce this danger 
to a niininuini. 

The; spans adjace^nt to the; end onevs were ('n'cfed l)y (;antil('V(;ring out 
their full leMigth from the finished spans, building around the existing 
structure and d(»p('nding upon it for lateral resistance, then making the 
new triissc's support the old span, removing the latter pieceaneal, and 
initting ill the new floor syst(*m and n(»w late^ral sys1(*m. 

h'inally, the long ci'iitral sjian was erected in two parts by eanlik'ver- 
ing from the two adjacent finished spans until thi' half truss(\s met at 
the ('(‘lure, whiai they were connected and swung, and then Hay were 
made to siqiport the old span while it was being demolished and while 
the new floor systian and new lower lateral system wiae l)eing inserted. 
An account of this reconstruction is given in the January, 1915, fVo- 
ceediiiijs of the American Society of Civil Kngineers. 

TIk; renewal of an old bridge often calls for tlu; construction of new 
substructure. If a slight change in alignment of track can be made, and 
if the coialitions are favorable for the building of falsework, it will be 
found (;conomical to erect the iv;w spans on falsework alongside of the 
old bridge and extended underneath the latter for the purpose of demo- 
lition. When the erection is completed, a cutting and shifting of the 
tracks can readily be made, and then the traffic can be transferreil to the 
new structure. In this way practically all interruption thereof will b(' 
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avoided. If the old track has curve's iKiar the bridge a change in align- 
nient can usually lx? elTected; but if a long tangent exists, it may not 
be allowable' to do the shifting proposexl. 

Wlie're' the water is too deep or the current is too swift for falsework 
to b(' constructed and inaintaincd safely, the method of erecting the new 
spans on barges and floating them to position may be adopted with 
advantage. In this case the spans are erected on falsework near the 
shore, and then two or more barges — the number depending on their size 
and the span length — are jiartially filled with water and run in under 
the span b('tw('('n tlu' falsi'work bents. Then blocking is placed so that 
the load is transfened from the falsework to the barges when the water 
is pumped therefrom. In the meantime l>arg('s have beem run in under 
tlic old spans, and 1 docking has been placed so that the load is taken off 
the piers and transh'rn'd to the barges. The barges carrying the new 
si)an ar(' tla'ii brought n(*ar to their position at the site; and as the old 
span mov('s out the new span mov('s in. AVIh'ii in position and gU5^ed, 
it is low('r('d into i)lace either by the removal of some of the IJocking or 
by flootling the barges. After landing th(' ni'w span on the piers, thd 
rails arc connected and traffic is resumed. This method under the best 
of conditions consumes sevi'ral hours of time and interferes with traffic 
to a corres|)onding extent. It also retiuires consitlerablc equipment of 
barges and tug boats. It was used in reconstructing the ('oteau Bridge 
across the St. Lawrences Bivi'r by the (Jrand Trunk Railway ('ompany. 
A detail(Ml account of the work will be found in the Kn'jineering Record^ 
Vol. ()2, page ()2S. This bridge was out of service only a few hours for 
each span. 

It seems hardl\' necessary to suggest that if the bridge is located 
where rising and falling of the water levi'l occur daily from tidal action, 
the barges can be run under the lU'W span at low tide, then the span can 
be lifted off its b('arings at half tide and floattul into position at highest 
tide; and finally the, bargees may be r(?moved as the tide falls, thus obvi- 
ating the necessity of flooding them, pumping them out, and flooding 
them again. 

IJndcT som(' conditions where falsi'work cannot be (;onstruct('d and when 
there arc si'V'^eral duplicate; sjiaiis to lx; rc'placed, falsi'work is built on one 
set of barg(;s for oru; new span and upon another set for one old span; 
then when a span is torn down and rejjlaced, the barges with their super- 
imposed fals(;work are moved ahead to the next span, and the operations 
just descrilxid are repeated. This method is not adapt(;d for much fluc- 
tuation in water l(;v(;l; but small changes of a foot or so can be taken . 
can; of by means of water ballast, which can lie let in or pumped out 
as the ease may require. 

Another method of replacing an old span, where train service is frc-. 
quent and int(;rruption of traffic is not allowable, is that of erecting the 
new span alongside of the old one, supporting the ends on special trac]^ 
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and rollers, and rolling it into position as the old span is rolled out. In 
this case the usual procedure is to extend the old piers on one side of 
the bridge by specially constructed falsework sufficiently strong to carry 
the weight of the span, then raise the old span and place a double s(it 
of rails under the shoes, with rollers between the tiers of rails. ]5y means 
of adequate blo(;k and tackle and a hoisting engine or locomotive at ea(;h 
end of the span, the old span is moved out of i)lac(^ and the new one mov(‘d 
in, the rails and the rollers are r(?inov(‘d, and the span is lowered to a bear- 
ing on the piers. One difficulty encountered in this method is the picking 
up of the span without bringing excessive conc(‘ntrations on th(', end floor- 
beams and the lower chord. Usually then^ is very little working room 
around the shoe for placing and operating the ja(?ks. Various expedients 
in the way of susixuiders and loading beams have b('cn devised in order 
to carry the load at the end pins. A good example of this arrangement 
of loading beams and suspenders is that used in the r(?(?onstruction of the 
Steubenville Bridge over th('. Ohio River for the Pittsburg Division of the 
Pittsburg, ("incinnnti, Cliicago and St. Louis Railway. In this case the 
si)ans were cx(!ecdingly heavy; and, then'fore, unusual care had In bo 
taken. Two of the spans weighed 3, 100, 000 lbs. gross each, and another 
oiHJ weighed 2,520,000 ll)s. gross. The time consunuMl in moving each 
of the heavier spans was forty-threes minutes. Within this interval the 
tracks were disconnectc'd, the weight of the old spans was transferred 
from the piers to the rolling carriages, the old and the new si)ans wctg 
movTd 25 f(H‘t, the* new spans were lowcTod to tlaar i)ermanent position 
on the i)iers, and th(', tracks were re-conneitted. The time consumed in 
moving the lighter span was only sevent(»('n minut(\s. A good account 
of this woi’k will be found in the Euffinvcrin(j Uccordy Vol. 02, f)age 51)(). 

'Fhe author has had occasion on some of his work to move* s]>ans longi- 
tudinally from t(‘mporary pi(TS to permanent piers without interrupting 
traffic. In case of the Rio Blanco Bridge on the A'laa Cruz and Pacific 
Railway in Mexico, a truss si>an weighing 2t0 tons had to l>e moved 
about twcaity feet. The span was erected on timber piers, as there was 
not sufli(a(Mit time to build permanent substructure and IIkmi (*r('ct the 
mcital before the high-water period. This ('X]K‘diiMit gavi' th(' railroad 
coinpany a crossing over a deep and swift river that could not otherwise 
have been had during th(? flood season, which lasted s('veral months. 
When the river had again subsidc'd to a normal dry-season flow, the 
permaiu'iit piers were const nutted, then the spacers betw(‘en these and the 
temporary pi(?rs were filled with substantial falsework sufficiently strong 
to carry one end of the span. On top of tlu^ de(*k were placed railroad 
rails clos(5 together and having a slight pitch downward toward the new 
piers. These were greascMl, slip|wd under the shoe's of the span, and ex- 
tended to the new piers, thus forming ways for the span to slide upon. 
Blocks and tackle were rigged and attached to the end of the span, and 
a hoisting engine was used for the operation. It was found that this 
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was not sufTicicnt to start the mass to moving; consequently jacks were 
set up in inclined positions under the end floor-beams. Then the slack 
was taken out of tlie tackle, and the jacks were operated simultaneously, 
thus giving a “kick” to tli(* si)an, after which the engine was able to keep 
it in motion. TIk' ('iitire movcmient occupicnl about lialf an hour after the 
actual start was matle. 

Another instance of moving spans longitudinally is that of the Mis- 
souri Pacific Railroad Bridge across the Kaw River at Kansas City. In 
this instance three double-track spans had to be raised six and a half 
f('et, mov('d laterally about twenty-five f(?et, and carried longitudinally 
one hundred aiul twenty-five feet. For the lateral movement pile false- 
work was constructed so as to support the structure while passing to its 
new position. Two tiers of rails with two-inch steel rollers between were 
placed under each shoe. Blocks and tackle were placetl at each end of 
the several spans, and hoisting engines were used to operate them. After 
the lateral inovenK'iit was accomplished, special tnu^ks built of timber, 
each having six standard car wheels with tluar axl(‘s and journal boxes, 
were distributed under the spans, so as to spread the load as much as 
possible. These trucks rolled on rails placed upon the falsework under- 
neath the bridge. The movement of the mass was started by a com- 
bined stressing of the tackle, ofXTating jacks set on inclines at various 
points under tlu' shoes, and pushing with a locomotive by means of a 
strut against tin* end floor-beam. The entire movement occupied about 
three minutes. A good d(\scriptiori of this work, with illustrations, is to 
be found in Encjinecring Xcu's, Vol. 70, page 51. 

In either double-tracking an e.xisting single-track bridges or replacing 
it by another single-track oik*, where plate gird(*rs of the same length 
are adopt(*d to reidace old through truss s])ans, and where it is desir- 
abl(* to avoid building fals(*work, it is a good j)lan to (»r(*ct at tin* shore 
end of the structure several gallows frames at convenient intervals, de- 
pending on the length of the said girclers, and to place on the top chords 
of each truss span s(»veral h(*avy cross b(*ams or “jiggers.” If any of 
the gird(,Ts an? to be jdaced outside* of the old truss(?s, these jigg(?rs should 
cantilever over the chords a sufficient distance* to handle them easily. 
Two sets of blocks and tackle are then to be rigged up to eaedi gallows 
frame and each jigger; and the girder is to bo picked up by two adjacent 
tackles, and attached to the next forward tackle, then a stress is to be 
put upon the latter. If the girder goes inside of the truss, the floor sys- 
tem must be cut loose from the trus.s(*s and gotten out of the way. As 
tlu; stress on tlu? forward tackle is increased, a horizontal movement is 
to b(* given tf) the? gird(*r, and then the h(*ad supj)orting-tackle should be 
eas(*d off gradually, detach(?d from the front (?nd of the girder, and re- 
attached to the r(*ar end thereof. A stress is then to be taken on the 
last merit ioiKjd tackle; and the rear tackle released slowly. This will per- 
mit the girder to swing forward. This operation is to be repeated with 
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the next set of tackle until tlie girder hjis reached the proper position 
for lowering on the piers. After thc^ girdcTS are placed and the llcx^r 
system is completed, it is usually an easy matter to dismantle the old 
trusses with a derrick car on the track. A good illustration of this method 
was the replacing of truss spans on the Auburn Division of the Lehigh 
Valley Railroad at Weedsport, N. Y., an account of which is given in 
the Kngineerimj Reaml, Vol. (iO, page 290. A sonu»what similar m(‘thod 
was that adopted by the Duluth, South Shore, and Atlantic Railway 
(Company on its line at the Bad River crossing near Shilo, Wis., where 
a 150-foot Howe truss span was replaced by a 121-foot plate girder span. 
The latter was assembled on two flat cars, riveted up completely, and 
then hauled out on the; truss span. One end was i)i(;ked up by a gallows 
frame, previously erected at the shon^ end of the Ilowc-lruss si)an, and 
the other end was sui)porie(l by a derrick car. After lifting the span 
off the cars, which weni tlien run back to shores, the deck members of 
the truss span wcni removcMl, one piece at a tinu', and dropped into the 
river below, from which tluw were aft(Tward fislied out. Th(^ girden* span 
was then lowcrcxi to position Ix^tweeii the old truss(\s, which wen^ later 
removed at conv(Miienc(». The time occupuMl in moving th(^ span out 
from shore, setting it in place, and comu^cting up the track was five hours. 

Where a double-tra(;k structure of n^inforced coii(;rete girdc'rs or arches 
is to displace an old l)ridge, it is usuall}- possible to build a longitudinal 
half of the entire conen'te construction whWa traflic is being taken care 
of on a single track of the old bridge. AVhen this first portion of the 
concrete work is finisluxl, the track is shifted to its (l(*ck, and the old 
structure is demolished; after which the remainder of the concrete is 
placed and the bridge is comjileted. An exam]>le of this is the reiu'wal 
of the Ciwynns Falls Bridge in the city of Baltimore for the Pliiladeljdiia, 
Jhiltiinore, and AVashington Railroad. In this case traffic; was maintained 
on the old structure while the first half of the new bridge was built. When 
this was finished, tracks were laid over it, and the' traffic was diverted 
from the old bridge, which was then dismantled. This permitted the 
finisliing of tlie remaining half of the concrete? work without interrupting 
traffic. 

Many variations and combinations of the foregoing di'scribed metluxls 
are to be met with in practice. Each case had to be studuxl by itself and 
the method of construction adjusted to suit its pc'ciiliarities. 

In all this work j)rccautions must be taken to carry oul. tne regula- 
tions of the op(;rating department of the railroad in n'gard to lights, 
signals, and flagging trains. 

In preparing this (Jiapter the author received many valuable sugges- 
tions from L. S. Stewart, lOsq., President, and 11. K. Seltzer, Esq., C. E., 
Vice-President of the Union Bridge and Construction Company of Kan- 
sas (^ity, one of the Ix'st known bridg(' building companies of America, 
for which help he desires to express here liis hearty thanks. 
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KRTDGK EXAMINATION 

The examination of old structures constitutes quite a percentage of 
the practice of some bridge specialists. Although it is not as interesting 
or satisfactory professional work as the designing of new bridges, it is 
just as important; for upon the skill, experience, thoroughness, and in- 
tegrity of the engineer who examines and reports upon the condition of 
railway and highway bridges depcMids the safi'ty of the traveling public. 
No one except an expc'ricMiced bridges engineer should be permitted to 
examiiui and repoi*t on such stnudures, because an inexperienced man is 
apt to overlook many important matters wIk'Ii making th(i examination; 
and often it recpiires rare judgment to determine whether a structure 
should be passed as sufficiently strong, ordered repaired, or condemned 
to be removed. 

Tlu^ objects of bridge inspection are as follows: 

A. To discover weakii(‘sses or d(‘ft'cts and how sc'rious they arc. 

B. To asccM’tain thii amount of deterioration of the structure, and, 
if possible, its ratci, in order to figure upon its probable remaining length 
of life. 

C. To determine thci safety of the structure under all probable 
conditions of loading. 

1). To decide upon whether there is any necessity for repairs, rein- 
forcements, or renewals, what these should be, and Iheir urgency. 

E. To settle as to what should be doiHj in order to carry the live 
loads safedy while repairs or renewals are in progrc'ss. 

"J'he frequcTicy with which liridge insp(H*tions should be made depends 
upon a variety of (renditions, among which may be na'iitioncMl the char- 
acter of the structure, its location, its strength, and its general physical 
condition. Bridges built of late years on scientific principles and under 
thorough inspection may nc^ed but a single inspection per annum, while 
some old and unscientificrally designed ones may re(|uire to be gone over 
carefully (iver}'' few weeks, or in extreme (rases every few days. 

For railroad bridges a spcurial committee of the American Railway 
Engineering Association rc(rornm(uids the following system of inspection: 

“(1) In.sp(M**ion by tlic; n'Kiihir sort ion forces, daily, or :us oftc'n as they inspect 
till* track und(;r their supervision. Uni o})jcct of this inspection is to discover any 
danijiKc to the struct uni from fin*, flocjd, derailments, or other acicidents from traffic, 
or any disphieementi in thcj struciture in whole or in part. This inspection, due to 
the lack of skill on the nart of the section forces must necessarily be superficial, and 
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will rarely, if ever, do more than call attention to unsafe conditions arising from causes 
other than those of natural depreciation. No reports of such inspections need be 
made unless adverse conditions are discovered. 

*‘(2) At periodic intervals of from one to six months there should be inspections 
by bridge foremen or others oxpericinced in bridge repairs. These inspections should 
be more thorough than those of the section forces, and are inlendwl to discover all 
the defects, arising from traffic, to which the bridge is subj(?ct(Ml, and those due to 
natural depreciation or other cause. Reports of such inspections should be made 
to the one next in authority; preferably to the one most directly or primarily respon- 
sible for the safety of the structure. 

Annual or semi-annual ins]KH;tions are to be made by men experienced in 
the design and inainleiiance of bridgi^s; preferably by thos(? who are i)rimarily respon- 
sible for their saf(5 maintenance'. The reports of these' irisi)ect ie)ns should bo file'd, 
and in conneiction with an e'xaniinatiem eif office data the'y will elete'rmine' the safety 
of the? structures, and will be the bzisis fe)r decisions iis to repairs, re*inforcemonts, or 
renewals. 

“'Fho inspcictiejns outline'd in (1), (2) and (If) abewe; must bo etonsieU'reel as quite 
gone'ral. The're will ofte'ii be e*:ises wlu'rej much meirej fre'que'nt and theireaigh inspection 
than above enitlinejd will bo ne'cessary, I'spe'cially for structure's which are e'arrying 
traffic much he'avier than that fe)r which tlw'y were' eU'signe'el, e)r whie*h, by reasem e)f 
j)ex)r design, ago, e)r injury of any kind, have a reeluced luiirgin e)f safe'ty. He'cause 
of inability to ri'new some bridge's in time feir change'd traffic conditiems, une'ertainties 
as to revision weirk, lae*k of time fe)r re'placeinc'nt after injury, e>r olluT reasons, it is 
ocejasionally ne'eie'ssary te) ke*e'p in se*rvicej stnicture's whie*h have iie)t the usual margin 
e)f safe'ty. The manner anel fre'enueney e^f thej inspe'e*tion ne'cessary safe'lj" to maintain 
such stnicture^s must be^ elete'rmine'el se'j>arately fe)r eae*h inilivielual e*t»se. 

“Railway brielge^s are; e)f timber, masonry, e)r iru'tal, and e)e*casie)nally of unusual 
design; moii e;ompete'nt to insf)e'e't one kinel are ofte'ii ine'emipete'nt te) inspe'ct othe'r kinels, 
and, therefore, it may be; ne'cessary te> limit an inspe'e*te>r te) structures e)f a ce'rtain kind. 
It is sometimes elesirable te) have large anel important e^r eleiubtful struedures inspected 
by expert engiiu'ers.” 

This last remark of the commiltoc’s does not carry with it suflicicnt 
force; because it is highly advisable for cveuy railroad company to have 
all its bridges examiiuMl and reported upon from time to time by an ex- 
pert who is not regularly in its employ. He is likely to discover some 
important facts that have been overlooked by the regular employees of 
the road. Such occasional examinations to a certain ('xtent serve as a 
partial protection to the company against excessive' claims for damages 
due to bridge accich'iits; be'cause, if it is shown that the company took 
the precaution to secure expc'rt opinion concerning the safety of its bridges, 
any jury is likely to conclude that it did all in its power to avert the 
accident. 

As long ago as 1887, in a discussion at the Annual Convention of the 
American Society of Civil Kngineei-s iRKm the subject of Inspection and 
Maintenance of Railway Structures,’* the author wrote as follows in an- 
swer to the question, '‘What is proper bridge insix'ction?” and, as he 
luis had no o(!casion since to change his mind about, any of the points 
therein covered, he has decided to reproduce here verbatim that part of 
his discussion. It reads thus: 
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“There are two kind of bridge inspection, viz.: 

“A. Inspt'ci ion of structures the dimensions of which arc not on record. 

“B. Inspection of structures the dimensions of which are on record. 

The forni(*r is, of course, much more extensive and thorougli than the latter. It 
should be niiidt* as follows or in some similar w^ay: 

“I. Mt'.isurc! sy.stematically the main dimensions of the structure and the sec- 
tions of all the principal inemlxTs, recording them always in a ciTtain manner, deter- 
mined by experience' to be the best, so that any particular data may be found imme- 
diatc'Iy by inspecting the field notes, which, by the way, should be made in ink. 

“II. Measure and record systeniatic;dly the sizi's of all j)arts in the neighborhood 
of each panel point aiul each connection of main members, showing nuiuber, spacing 
and diameter of riv(*ts, the' jiacking, including the distance of centre line of each pic'ce 
from plaiu' of symmetry, diiiH'iisions of eyc^bar hea«is, thickness of beiu’ings, and, in 
short, every diini'iision that could under any circumstances be reejuired. 

“III. Measure and n'cord systematically all the' dc'tails of main iiK'inbers b(;tween 
panel points or connections, for instance, sizes of lacing bars, stay plates, stilTening 
angles, etc. 

“IV. Examine the struct un' carefully so as to find any faults in manufacture or 
design, such as loose* or unequally stressc'd tt'usion members, bad jiacking, omission 
of filh'rs, bad riveting, twistenl or otherwise distorteul members, ineflicient bracing, 
lt)os(* coniK'ct ions, etc., also the various <*fTects of wear, such as loo.s(' rivets, bent jiins, 
rust, decayeil timber, cracked casting.s, and defective masoniy or other material at 
pedestals. 

“V. Look to the* <‘fficieney of the floor .systc'in jirojicr, viz.: the ties, rails, and 
guards, also to the na'ans of jirotecting the structure* fre>m injury by fire, eh'railment, 
vibration, etc. 

‘*VI. Examine thoroughly anel make note's ujion the subst nature, giving the 
principal nu'asure'iin nts, qualitj* and conditiem eif mateTials, e*lc. Describe the cross- 
ing ejf the stre*amor chasm, neiting, if j)o.s.sihle, high and l iw wate*r, velocity of stre'am, 
and any othe'r ififenination that may be* eif use*. 

“VII. Xeite* the* etTe*ct ujion the bridge of nqiielly jiassing train.s, measuring and 
recording, if thought ne*e*e's.sary, the deflect iems. 

“VIII. Note*, if pe).*<sible*, the names of tlie ele*sign(*r and the manufaedurcr and 
the date of erection. 

“IX. Ileceirel in the ne)te*-b(K)k the names of the members of the insjiecting 
party, the date, ami the* time; sjie'iit in making measure*me*nls. 

“The* inspe*e*tie)n of structure*s the elinie*n.siems e>f whie*h are em r(*e*orel shoulel bo 
maelo .simjily with the* vie w of ase*e*rtaining the elTe'ct eif we*ar ujiem the; structure. 
The items arc me*ntie)ne*el unde*r the previems he*aelings nmnbe*re*el IV', V”, VI, anel 
Vll. Be*fe)re; making siie-h an ins|)e*c1 iem, the insjiector sheiulel re*ael carc'fully the 
notes of the previous iii.'ipectiejns, anel ele*te*rmiiu; where to lejok sjiecially fejr the elTeeds 
of wear.” 

When one i.s oxarnining a bridge of which the working drawings are 
jit hand, he .should ch(*ck tlie .structure at a nuinlxT of platrcs, in order 
to make .sure that it was r(*ally Imilt in accordance with the said draw- 
ings; and if it be found tliat in any particular there is a lat^k of agree- 
ment, the drawings should lx? di.scardcMl entirely, and the structure should 
lie (‘xaminetl and rruvisured in exactly the .sjime thorough manner as it 
would litivti to lie were no drawings avtiilable. 

Th(^ charaettir of the material of which the bridge under examination 
was built is sometimes difficult to determine. Occa.sionally it is recorded 
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on the working drawings; but generally it can be found only in the speci- 
fications under which the bridge was built, and too often these cannot 
be located. Usually the date of erection and the name of the manufac- 
turing company recorded on the structure will lead to securing the de- 
sired information — at any rate, they will determine whether the metal 
is wrought iron or steel, and, if the latter, whether it was manufactured 
by the Bessemer or the open-hearth process. As a last resort, one can 
take out a memlxT and test it; but this is seldom done, mainly because 
of the trouble involvcid, but also Ixicause such a test would cover only 
a portion of the whole m(?tal, which may have been purchased from sev- 
eral different rolling mills. In hasting an old bridge the author does not 
often attempt to determine lh(‘. chara(;ter of the metal. If he knows it 
to be wrought iron, he assumess that it had an ('lastici limit of 25,000 pounds 
per square inch and an ultimate stnmgth of 50,0(K) pounds per square? inch, 
and if he knows it to lx? steel, he assumes instead 30,000 pounds and 60,000 
pounds n'spectively. 

Om? of the difficult things for an ins]X'(;tirig engineer to determine is 
the percentage of deterioration of metal by rust. It is usually easy to 
ascertain what were the* original dimensions of any section; for rust does 
not atta(;k metal uniformly; hence one can find places where the member 
is full sized, and then by measuring the s(iction at the points of greatest 
tlcterioration he can d('t(?rmine the percentage; of lost area. By obtain- 
ing such percentage's at seve;ral jdaeies and striking an average thereof 
OT by using the maximum, as his juelgnie'iit may elictate, one can obtain 
a general pe're*e;ntage e)f eleterioration to apply to the; metal of the whole 
structure', e)r be'tter yet te) e*ertain parts of it; fe)r the; ele;te'rie)ration will be 
differe'iit in the; trusses, the fiex)r sj'stem, and the' late;ral s^^steni. If a 
steed structure; has be'e'ii baelly ne'gle'edeel anel allowed to rust, it must be 
remembe;re;el that the rusting is by no nu'ans as serious as it looks, for 
the flake's that jx'e'l e)ff are; from five to e;ight times as thie;k as the metal 
which they destroye'd and reanoved. 

Idle inspector shoulel be; constantly on the loe)kout for injuries to the 
me;tal cause'el by ble)ws from passing trains or falling objeeds, or by loco- 
motive fume's e)r salt elrii)j)ings frexn re'frigc'rate)r e*ars. 

The; charae'ter e)f the' we)rkmanship exi the nie'tal e*an be elctcrmined 
only by e'ye; anel it is generally e'ustexnary fe)r the' inspecting engineer to 
assume that it is all right, unle'ss he e'licounter some glaring evidence to 
the contrary. 

The detection of lex)sc rive'ts is deme by a e'ombination e)f three senses, 
viz.: sight, tejueh, anel hearing. Of eaxirso, it is ne)t necessaiy to tap 
with a rivet hammer all the rivets in a strue'ture, for the cxperienceei 
brielge engineer knows well where te) e;xamine for loose ones; and if he 
finds none after testing about tweaity (20) [x;r cent of all the rivets in any 
group, he will conclude that there are none in the remainder of the said 
group and will note accordingly. 
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In testing old timbers for soundness, they should be bored with an 
augur in numerous places, the number of holes depending upon the con- 
ditions ascertaiiKMl. All such test holes should be filled with tight wooden 
plugs so jis to prevent the entrance of moisture and the consequent rotting 
of the timber. 

The condition of the flooring pavements, track, hand-rails, etc., should 
receive careful attention, and the oix^n spaces in the floor over piers and 
abutments recpiire special pains in examination; because trouble is likely 
to occur at su(!h points, especialh'^ in old stylo bridges. 

The soundness of old stone masonry is difficult to prove; but some 
idea of it may be obtaiiu'd by making an attempt to probe the joints 
with small steel rods. If any great jK'netration is obtained, the masonry 
is faulty and will need attention. Conen'te masonry is more easily in- 
spected, as its defects aro likely to be on the exterior. 

Foundations should be examined for the (effects of scour, and the lower 
parts of pier shafts for abrasion by ice and drift. If an}'^ piles are ex- 
posed, they should be inspe(!ted carefully for deterioration. 

When examining a series of bridges for a railroad system, the author 
has made a practice of requesting th(i use of a train, (lonsisting of a heavy 
locomotive, a heavily loaded freight-car or two, and a caboose. If the 
inspecting party is to be several diiys on the work, and if conveniences 
for board and lodging along the line are not available, it is well to attach 
a private car to the end of the train. (iuit(^ often the general manager, 
the superintendent, or the cliicif engiiKHjr will join the inspecting party 
and accommodate it by the loan of his private car. Aftcjr each bridge 
is measured and inspected, it is to be tcstcMl for dciflection by placing a 
deflectometer upon it, preferably at mid-span, attached by a wire to a 
weight resting on the river bed, and measuring the a(;tual span deflec- 
tions (exaggerated twofold on the recording pa])er), first with the train 
at rest in the position which will produce the greatest dciflection, and 
then at dilT(ircnt velocities gradually increascMl until either the attain- 
able limit of spcjod of train is reached or priuk'nce forbids running any 
further risk of wrecking the structure. The ratio of any dynamic, de- 
flection to the static d(;flection minus unity will give the coefficient of im- 
pact for the span as a w^hole under the train velocity in question. That 
velocity has to be determined approximately by noting the time occu- 
pied by the train in passing a measured stretch of track, or by the trained 
judgment of the engine driver or train conductor. 

In making the computations for actual intensities of working stresses, 
one should assume a live; load of the usual typo adjusted for the actual 
loads that either pass over the line ordinarily or tliose that arc likely to 
pass over it in the immediate future. To the static stresses calculated 
from this assumed live load are to be added the usual allowances for im- 
pact and the dead load stresses computed from an assumed dcatl load of 
structure. Generally an experienced bridge engineer can tell with suf- 
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ficient accuracy from his office tal)lcs and diaRrams what the approximate 
dead load should be; but, if not, the computer must figure the actual 
dead load from the recorded measurements of members. Sometimes the 
original stress sheet from which the bridge was manufactured is available*; 
and in that case the assumed dead load recorded on it will suffice, as no 
extreme accuracy in this inattc'T is necessary. 

The computed component stresses are written on a stress-diagram 
and the totals arc summed, then the area of otivh main member, properly 
redacted for rust deterioration, is written along its axial line, and the re- 
sulting intensity is figured and recorded on the sheet. This actual in- 
tensity is then compared with the permissible^ intensity of the engineer's 
specifications for designing new bridges, and its exeress is written on the 
diagram. These excesses, logelher with th(^ r('(?()rd(*d notes of the insp(?c- 
tion, constitute the criterion for jiassing or reje(;ting the structure. The 
author’s g(in(*ral rule is to condemn or order str(*ngth('n(*d any truss bridge 
or op(m-w(*])b(Ml girder in which the excess exceeds fifty (50) per cent, 
and any plate-girdcT span where it is greater than sixty (()()) per cent. 
Of course, one has to be influenced more or l(*ss by the signs of w(*ar that 
he finds. If no loose rivets are in evidence, one can raise? slightly the 
excess limit; but if the reverse is the case, it may have? to lx* materially 
reduced. The addition of a few rivets to some of the connections, pro- 
vided there be room to put them in, will sometimes correct the worst 
o verst r('ss('s in tlu; structure and permit of its being retaiiu'd in service 
for several years longer. One should be chary about ordering removed 
any bridge that can be made serviceable at niod(*rate expense*; but, on 
the other hand, he should take no chances l)y risking the liv(*s of the 
travelling ])ul)lic through an endeavor to save money for his clients. Above 
all things, though, he should let no latent hope of being retained to de- 
sign a new structure for the crossing influence him to condemn to removal 
any bridge that might legitimately 1)0 streiigtlu'iKHl and us('d. 

The (|U(?stioii of how much it is economic to sp(?nd in rc'pairing an 
old stru(?ture is trc'ated in (Chapter LXV. It should receive for each 
bridge examined thorough consideration by the ins]X'(!ting engineer be- 
fore reporting to his principal; and his report should set forth clearly 
the results of his findings on this important matter. The report should 
state the engineer’s opinion as to the probable safe life of each bridge that 
he examines, upon the basis, first, of tlu* existing traffic, and, second, 
on that of possible or i)robablc future increases in the live loads to be 
carried. 

The question often arises as to what an expert bridge engineer should 
charge for examining and reporting upon bridges. The author’s practice 
in the case of small structures is to charge one huntlred dollars per day 
and all expenses, counting in all the time spent in traveling, examining, 
and reporting; but when retained by a railroad com])any to examine a 
large number of bridges on its line, and when he is provided with a special 
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train and all tho lu'cossary facilities, he makes an av(3rago charRO of thirty 
( 30 ) cents p('r lineal foot of structure examined, no reduction being al- 
lowed for duplicate spans nor for any other condition. These figures are 
moderate, considering the imi)ortance of the work done and the respon- 
sibility assumed by tho ins])ecting enginecT. 

Just as the manuscript of this book was about to go to the printer, 
M(»ssrs. Hildreth & Co. very kindly semt the author a copy of their 
standard instructions to assistants in relation to the examination of exist- 
ing railway bridg(\s; and as tli('S(‘ art* very complete in d(‘tail, he has 
decidcnl to append tlu'in to this chapt(T, not only Ix'cause of their thorough- 
ne.ss but also because it is well for the n'ader to consider the subject from 
more than a single i)oint of view. The said instructions read as follows: 


'TxspKn'iox OF ExisTixr. Railway HiUDr.Fs 

“Gknehal. Notes should be full and well illustrated by photographs and sk(‘iehes. 
Each span must b(» covc*retl separately and systcMuafic'ally by panels in consecutive^ 
order, with tho direction to the* nearest important station iiidicate'd at the first panel 
point. 

“Note eharact(*r of approacla's, grade, and alignment of track. Note size and 
condition of ties, rails, and rail joints, jiarticularly on bridge and adjacent to bridge — 
on both .sides for otK) feet. 

“Fouxi).\ti()Xs. Note any evidenc(*s of .sc‘ttlement, crack, or m()vemc‘nt, particu- 
larly any movement t(*n<ling to ‘jiineh’ the britlge. Make aeeuratt* measun*inents 
and cstablLsh bench marks and reference points so that further movement may be 
determined. 

“Axciioraoe. Note condition of anchor bolts and nuts and whether then* is 
ample space for expansion and contraction. Th(»re should la* allowed 1?^“ per 100 
feet for range* of t<*inperatun* of loO degrees, ea* ^/Voi) of the span. .Ml bearings, par- 
ticularly roller bearing-s, must be clear of rubbish. Note* any tend(‘ncy to uplift or over- 
turn ba.ses. 

“Link. Check line of structure with transit, including sighting bottom and top 
chords. Check line of tower columns for bending, and sight all important members 
of each span by (*ye. 

“Camhek. Test with .surveyor’s level, or for .short .spans with cord or piano wire 
stretched between the .sur)j)orts. 

“Deflection. Test deflection under maximum lojul available* (preferably two 
heavic'st engin(*s in u.se, coupkil; with .*^urvcyor\s level, or for short spans with cord 
or piano wire stretched between the su])port.s, or wire with weight and .spring balance 
at the centre. 

“Rivet.s. Test all rivets, particularly field c*onnect ions, with special care for floor 
connections. In plate ginlers test carefully rivets near ends an«l those of lateral and 
.sway connections. Look for rust streak.s b<*low rivets, indicating loos(*ne.s.s. 

“PiN.s. Look for evidences of wear and bending, particularly at hip V(Tticals. 
Note movement of pin nut.s. 

“Beaiuxos. h]xamin(i all bearings of compr(*ssion meiribers. Examine stringer 
ends which, if on shelf angles or top flange angles of floor-beams, should have brae.kets 
or web stiffeners beneath the stringer b(*aring. 

“Hhacixcj. Shake all braces and note any which are loose or bent. Sec that 
adjustable rods are taking sufficient and uniform ttmsion. 

“CouNTEiLS. Shake all counters and examine carefully to determine that they 
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do not lake too great tension; they should bo just tight under dead load and uniformly 
stiff under live load. 

“Eye-Baks. Shake all eye-bars; they should be under uniform stiff tension. 

‘‘Rust. Examine entire structure for nist, particularly the details near masonry. 
Note greatest reduction of cross section therefrom in each member. 

“Defects. Examine entire structure thoroughly for evidence of defects of ma- 
terial or workmanship. Note cracks, openings, bending, distortion, or movement of 
any kind. 

“ ViDUATioN. During the passage of a regular train at usual maximum speed, note 
vibration from i)osition on top chord of through bridge or on bottom chord of deck 
bridge. 

‘‘If record plans do not exist : 

“I’lans must be mad(i up including map, showing topography and profile 500' 
from each end. Sketch any bcaid in stream. 

“Masoniiy. Measure, and sketch piers and abutments— elevation, section, and 
top plan, latter showing size and location of bridge s(‘ats, iind the clear span under 
coping and b(‘twc(*n back walls. Sk(‘tch accurately the upper five' courses of masonry, 
showing joints. Describe (quality and condition of masonry. In case of moveiiamt, 
and when so <lirec*(Nl, <lig t(‘st pits adjacent to abutments and make borings close 
to abutments and piers to d(*t ermine ehara^*l(‘r of soil and its ])robable blearing capacity. 

“Si;PEiisTitr(^HUiK. All data must be securni in onler to prepare plans as for a 
new bridge — main <limensions, <letails, clearances, sections of niat(*rial, rivet spacing, 
etc. A set of ])lans of a new bridge* can with advantage be used as a guiele, indicat- 
ing the; infeinnatiem reepiireel. 

“For the above* elescribed e.xaminatiems the fe)Ilowing instrume*nts, ote;., are ne*eded: 

“Surve*yor’s le*vt*l anel transit (nr combined instrument), l(K)-fe)e)t slee*l tape, 200 
feet of steait linen euvrel, 1(K) fee*t. e)f ])iano wire, sjmng balance, ])lumb be>b, 1 to G foot 
rule, hammer for testing rivets, ste*eil scale, large anel small e*alipers, chalk or paint.” 
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RECONSTRUCTION, MAINTENANCE, AND REPAIR OF EXISTING 

RRIDGES 

Experience shows that any metal bridge of imperfect design mate- 
rially overloaded or iiudfeetively painted deteriorates with age and use, 
and that there is a limit to the time during which it can perform its func- 
tion satisfactorily and safely. The continual incrcfise in live loads and 
also that of the speed of trains tend to hasten the day of its replacement. 
To prolong its life as much as iiossibh^ calls for the skill of the bridge 
expert and recjuin's n'giilarity of attention in order to njcognize the smaller 
defects and deteriorations as they develop and to remedy tlumi before 
they become serious. This work is includcHl uikUt the term maintenance. 
Where some accidcMit n^sulls in slight damage to the structure beyond 
the usual wear and tear, necessitating restoration on a mon; (extensive 
scale than that of ordinar}" maintenance, the work is embraced under the 
head of repairs, 'riii'n' is no well-defined line l)etw(H'n th(\se two classes 
of o[)erations; and it is difficult at times properly to classify such work. 

Reconstruction may be considered to cover the more (‘xti^nsive re- 
pairs and Replacements of certain portions of th(^ structure whether neces- 
sitated by a s(erious accident, or by an accel('rate<l deterioration, or by 
increase in loading. N(‘ither is there a sharp distinction b(‘tw(een repairs 
and reconstruction, but rather a merging of the two classifications. How- 
ever, it is always well to attempt such a division in order to promote an 
adequate; syst(*in of accounting. 

Maintenance* einl trace's preveaitive work. The prevention of rusting 
by prejmptly painting either the entire span or the affe;cteel portions of 
it, the chaining of dirt away from the shoes or bearing plate's, the oiling 
of rollers, and the; cove*riiig of fle)or-be*ams with Ixiarels, so that the; brine- 
drippings from the R?frigerator cars cannot strike; the metal, are; all e.\- 
amples e)f maintenane;e. Such pre;ve;ntie)n work, to be most e;ffe;ctive, 
calls feir fre(|uent and regular inspecti^ms anel a sj'stem of re;corels that 
will enable the; e*ngine*er in charge to know at all time;s the true condi- 
tion of his structure's without elejing any guessing. Peisitive; kne)wle;elge 
is necele;d as a basis feir e;fficieait mainte;nane;e. The* erutting eiut anel re;- 
placing of a rivet that has worke;el leieise might alsei properly be; ineludeel 
under rnainteaiance;; but the re;placing of many such, or the aelding of 
new stiffeners or cover plates to floor-be;ams or stringers, woulel come* under 
the heael of repairs. 'I'his coulel logically be extendeel to cover the re- 
placing of the entire floor system or of a lateral system, while the taking 
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down of the trusses and remodeling them should come under the head 
of reconstruction. 

To give the reader some idea of the various practical difficulties mot 
with in maintaining and repairing bridges, the author offers the following 
information, which was furnished him through the courtesy of James 
MacMartin, Esq., C.E., Chief Engineer of the Delaware & Hudson 
Railway Company: 

“Some of the Pkincipal Tuouhlks Met with in the Maintenance of Bridges. 

“Bridge Bearings 

“In a number of cases of bridfijes eonstnictcd before the K(»npral use of a pedestal 
and pin for tlie end b(*aring (other than for pin-connected spans) the masonry under 
the bearings has bc»eonie looscmed; and in some instanci's portions thereof have b('en 
broken olT, due to thci deflection of the trusses bringing a bearing upon the front edge 
of the support ing cast ing. 

“In eases wher(», track stringers rest directly upon the masonry, especially when 
the bridge is on a skew, the tendency is for the stringer bearing to work itself into 
the stoiK'Work, r('(|uiring the* resurfacing of tin* stone and the use of additional plates 
to bring tin; track to grade. 

“\Vh(‘re the fixed ends of some spans are on tli(i nbutinc‘nt at tlu' liigh end, when 
the structiiri* is on a grade, cas(*s have been found in wliich the bridge has pulled the 
abutiiuait forward, owing to the rollers being small and not working as they should. 
A numb(*r of the old(*r spans show signs of th(* bearing plat(‘s sliding on llu» rollers 
rather than the rollers turning. The use of ]K*destals with jiins for bearings, ado))t- 
ing end floor-beams, increasing the size of rollers, ami pla(*ing the latter on the abut- 
ment at the high end of the span have reduccMl the above def(‘cts to a miniinum. 

“Tra(‘k Stringers 

“In earlier designs, where I-beam stringers were used and the lower latc'ral brac- 
ing Avas connect (*d to the boitoni flanges of these beams, the holes through the stringers 
have been found cracked through to the outside of the nic’tal; and, in some cases of 
end track stringers, the whole bottom flange has ])arled at this point. \Miere lh(*se 
I-beam stringers rest on the masonry the webs have biM'ii found crackl'd to a distance 
of three (.‘I') feel from the ('iids, an<l the said beams liavc* been discovered to be .'^o badly 
crystalliz('il as to maki' it necessary to renew all the stringers in the bridge. We have 
eliminated the use of I-beam stringi'rs from all but a very few of our bridges, and are 
doing away with them as rapidly as ])ossible. W<' <lo not approve of the use of I-beams 
for floor-beams, stringers, or inembei*s subjected to tension; using llu*m only for short 
sfians ovc'r cattle passes and culverts. Wc* have expi'rienced none of the above; men- 
tioiK'd trouble's freMii the use e)f built sectiein.s. 

“In some; e>f our single-web, ele'e*k brielge's some tremble has be'e'u expe'rie'nccel with 
the lowT'r e'heml we'bs at tlm ends just in fremt e)f the' bearings. Wlu're; there' are; no 
angle's em top, the we'bs have; eTackeMl frenn the uppe'r eelge ele)wn to the befltom flange 
angle;s. This has bc'eai noticeel also on some' viaeluct spans that were' rivet e'el to le)wers. 
Where angles are useel on the top eelge of the webs this ele'fe'e*t has not been noticetl. 

“Rivets 

“In cases where floor-beams rest directly on top of the lower chords in through 
brielges, and on toj) of the* uppe*r erhonls of ele‘e*k brielge's, a small pe'rcentagc of the 
rivets connecting the flc»or-be'ams to the chonis have be'e*n founel loose; anel we arc 
constantly r(;placing such rivets. A few loe)se; rivets arc oe'casionally eliscovere'el in 
the connections of the web members to the chorels. In cases of singlc->veb brielges of 
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the earlier design, rivets connoeting members to ehonls have been found sheared, but 
none in tin* liitcir d(\sign. We find that floor-beams riveted to posts or directly to the 
sides of the chords give good results, and tliat the rivets remain tight. • 

“On bridges where it is necessary to kc<‘p barrels of water, we find some trouble 
with the paint in the vicinity of tlu'se barrels. Also we expedience more or less trouble 
from the dripping of refrigerator cars, (^specially on our half-through bridges, which are 
only nine feet from centre to centre of girders, and, on that account, expose their top 
flange plates almost directly to the drip. 

“Where abutments for deck bridge's are built with a recess, the dirt and refuse 
have a temh'iicy to collect around the bearings and gatlud moisture; and in many 
cases we have found the chords and the bottoms of ('ml posts badly rusted. This con- 
dition occurs ('specially in deep trussc's wImtc it is difficult to get down to the bridge 
seats. Ext('iiding the bridge sc'at for the full width of the parapet wall, and thus avoid- 
ing the recess entirely, remov('s this trouble to a grc'at (*xt('nt. 

“In girders where a cover plate th(' full width of the bottom chords was used, trouble 
was encountered due to dirt and cindi'rs collecting in the chords and requiring a great 
deal of attention from the track men to kec'p Ihi'm clean. Using insid(^ angles and,two 
narrow cover plates, where tlu'v an* necc'ssary, prevents the collection of water and dirt 
in the chords. It is only in bridges of earl}' design that closc'd trough bottom chords are 
in use.” 

H. D)son, Esq., C. E., Bridge EngiiU'er of the Michigan Central Rail- 
road Company, S(‘nt the following: 

“The {)rin(;ipal trouble with the old bridges which we still have in service is, of 
course, that they have to carry a good deal heavic*r load than th(\v w('re designcMl for. 
In the old deck, plate-girder bridge's, th(' principal trouble' is with the rivets in the 
flange angh's w(?aring loose at the ends of the girdc'r. This we hav(j ri'iiu'dh'd by put- 
ting in additional riv('ts where the old spacing is such that this can bc' done. Whcire it 
cannot, we have helped the matter soiiu'what by r(*aniing out the hok's and putting 
in larger rivets. The best remedy in cases of this kind is, of course, putting in nc'W 
bridge's; and we generally do tliis as soon as we can after th(*y have shown the elTtHit 
of ovc'rload in th(? inaniK'r (h'seribed. 

“In the old through-girder bridge's with floor-beams ami stringers the rivets work 
loose in the floor connections, and the conne'ction angles crae-k in the fillet. To remejely 
this, we put in heavier connection angle's and large'r rive'ts. 

“In the old pin-conne'cted trusses some of the bars in the diagonal memb(»rs are 
often loose and wear badly on tlie? pins. This is helpc'd some'what by clamping all the 
bars of one irie*mb(*r together. Bars also we;ar at the inte'rsections of counte'rs and 
main diagonals. This is he'ljM'd by clamping tlie two log^'ther. Nuts on the flejor- 
beam hangers have a temlejiie'y to work loose; this we, generally rcme;dy by putting 
on check nuts where the thread is long (‘iiough to pe'rmil ; if not, we burr the threMul 
after adjusting. 

“We have had trouble with the floor-b(\'im we*bs sliowing a tendency to buckle; at 
the ends when they are support e;d by hangers. We reanenly this by ])utting on addi- 
tional stiffening angle's. We have had the same trouble with stringer conn('(!tions as 
mentioned in the tlirough girders, and have rerne^die'd this in the same manner. 

“On our old drawbridges, we have* had the; same trouble; with the bars and floor 
connections as in the pin-connected trus.ses; and we have* usenl the same means for 
rerneidying it. These old drawbridge's had no end lifts, hence; the're; was always e;on- 
sid(;rable hammering at the cnels. 'Phis causeMl the; rollers at the; e;nd to crack and 
also caused trouble with the track rails at the ends of the bridge. '^Phis difficulty we 
have rcmeeli(;d by putting w(Hlg(;s at the emd and Kl(;eve locks on the rails to carry the 
wheels over the joint in the rails at the ends of the bridge. 

'^With our new bridges, we have bad no trouble except where there arc open floors. 
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On all open-floor briilgoSi both old ami new, the drippings from ri»frigerator (;ars cause 
more trouble than anything (*Isc 1 know of. It is impossible* to got any kind of paint 
that will [)rot(Mit them properly. Usually in bml places the paint will Ijist less than a 
year on these bridge's. In gencTal, the damage is worst at the ends of the old bridges 
where they rest on masonry, as thesci bridgfis have no pede^stals under the ends, so 
that the dirt easily collects around tlu^in, and the brine, together with the dirt, very 
rapidly corroiles the metal. Hie b<ist reiiuHly I htive found with this class of bridges 
is putting a woo<l(*n board about 1" thick in bctww'u the t iew, so as to act as a trough 
to carry off the brine. ^PhcTe is, howewer, one trouble with this method, and that is that 
the dirt and cinders collect in these troughs, and it is expensive? to kecjp them clean. 

“The larger jiart of our nc‘W bridges are ballast-floor structur(?s, consisting of I- 
beams with idate on top of same. With these bridges we have no trouble what- 
ever, except that in some of the older ones the rivests in splices in the flcwir-plate work 
loose and <?aus(i the floor to leak at these plac.es. This wo have reiiuKlied by putting 
in additional rivets in the splices. 

“We haveluul considerabh? trouble with our old stone masonry, .such as abutments, 
piers, and arches, that an? made? of .]oli(*t .stone*, d'his stone has cracked and spawlcd 
quite badly; but w(? have? geiuTidly found that taking off tlu? old copings and putting 
in 'new concrete? ones will bind the abutments ami piem well tog(?ther, thus helping 
matters considerably.” 

Modern seicntific d(?.signiii^ ha.s oliminatiid many of the (h^fccts so ap- 
parent in old strueturos; l)ut familiarity with th(*m will beneQt the risiiiK 
gfcnoration of cngin(‘(*r.s, a.s tlu're aro many old hridfi^c's still extant. More- 
over, a perusal of tli(^ above statements will give them a better apprecia- 
tion of the raimn (Celre of many of the clauses in the present-day speci- 
fications. 

Tlie engineer will at liiiuvs be confronted with the cpiestion of the 
advisability of making ext('nsiv(? repairs, reconstructing the old bridge, 
or building anew. In d(*(dding siadi a question, the; guiding principle 
should 1)0 that of s(*(!uriiig a minimum annual cost. In this the cost of 
repairs, or of the r(*const ruction, is to lx? considered in connection with 
the length of limc^ that the same will lx; effective; and it must be remem- 
Ix'red tliat such jH*ri<xl of elTectiveness is likely to be dependent upon the 
prol)ablc remaining life of the; bridge its(df rath(;r than that of the repaired 
details prr .sr. Tlu* annual cost is found by adding to the interest on the 
first cost any annual charges for maintenance, etc., and the annuity re- 
(iuir(;d to nxleein the principal or a ixn’tioii thereof in the allotted number 
of y(;ars. 

L(;t>S “ first cost of new structure. 

R = first cost of ])r<Jix)S('d repairs or reconstruction, i)lus the present 
salvage value of old structun*. 

n tlu; number of years that tlu; repainxl .structure ^vill be effective, 
and hr = value of old materials in the new and the old structures, 
respectively, at the end of n years. 

Ca iind Cr = cost pea- arjiium, rcsp(;(;tlvely, of maintaining the new 
structure and the repain;d structure. 

M = annual installment to provide a sinking fund to redeem one 
dollar at the end of n years at compound interest, as given 
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in Table G5a, which has been taken from Merriman’s “Amer- 
ican Civil Engineers’ Pocket Book.” 
r = rate of compound interest. 


Then 


(1 + r)» - 1 


Let A, = “annual cost” of new structure. 

Af = “annual cost” of old structure repaired. 
Then A, = Sr + C, + M (S - b,), 
and Ar = Rr + Cr + M (R — b,). 


TABLE 65a 

Annual Tnstall&ient Required to Accumulate One Dollar 
(Installmrnts Plus Interest Earnings) 


Rates of Compound Interest 


Years 

2% 

2>i% 

3% 

3?^% 

4% 

4?^% 

6% 

1 

1.00000 

1.00000 

1.00000 

1.0(KK)0 

1.00000 

1 .(XKXK) 

l.(XXXX) 

2 

0.49505 

0.49382 

0.49261 

0.49110 

0.49020 

0.48900 

0.487S0 

3 

0.32675 

0.32514 

0.32353 

0.32193 

0.32035 

0.31877 

0.31721 

4 

0.24262 

0.240S2 

0.23902 

0.23725 

0.23.550 

0.23374 

0.23201 

5 

0 1921S 

0.1<K)2rj 

0.18835 

0.18648 

0.18463 

0.18279 

0.18098 

10 

0.09133 

0.08926 

0.08723 

0.08524 

0.08329 

0.08138 

0.07950 

15 

0 05782 

0.05577 

0.053S0 

0.05183 

0.04994 

0.04811 

0.04634 

20 

0.04116 

0.03915 

0.03722 

0.035.36 

0.03356 

0.03187 

0.03024 

25 

0.03122 

0.02928 

0.02743 

0.02567 

0.02401 

0.02244 

0.02095 

30 

0.02465 

0.0227S 

0.02102 

0.01937 

0.01783 

0.01639 

0.01505 


0.02000 

0.01821 

0.01654 

0.01499 

0.01.3.58 

0.01227 

0.01107 

40 

0.016.55 

0.01484 

0.01326 

0.01183 

0.010.52 

0.(XX)34 

0.(X)S28 

45 

0.01391 

0.01226 

0.01080 

0.00945 

0.00826 

0.00720 

0.(XX)26 

50 1 

0.01182 

1 

0.01026 

0.00886 

0.00763 

0.00655 

0.00560 

0.00478 


A little reflection will show that it is necessary to take, for purposes 
of comparison, the life of the repaired structure as a basis for determining 
the annuities; for after the life of the repaired structure has elapsed it 
will have to be removed and a new structure built. Whereas, if the new 
structure had been built instead of repairing the old one, it would still 
have at the end of n years considerable remaining life and residual value. 
Hence it is sufficient to figure the ‘‘annual cost” of the amount of de- 
preciation of the new structure for “ri” years. 

For the purpose of making the principle clearer, let us assume that 
an old structure having a salvage value of $50() can be made serviceable 
for ten more years (when its salvage will be $100) by expending $1,000 
on it for repairs, and that a new structure replacing the old one would 
cost $2,000 and that it would last thirty years, but that it would gradu- 
ally depreciate according to some law so that at the end of ten years it 
would be worth $1,700. Then the annuity must be such that the $300 
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of depreciation would be replaced at the end of the ten-year period. Rate 
of interest 5 per cent. Cost of maintenance of old structure 1.5 per cent 
per annum and of new structure 1 per cent per annum. The annual cost 
of new structure, for purposes of comparison, becomes 

As = (.05 X 2,000) + 20 + (.0795 X 300) = $143.85, 

while the annual cost of the old structure becomes 

Ar = (.05 X 1,500) + 22.5 + (.0795 X 1,400) = $208.80. 

In this case it would be better to sell the old structure for the $500 and 
apply it on the (Jost of the new one. 

If the original salvage value of the old structure be neglected, the 
annual cost would then become 


Ar = (.05 X 1,000) + 22.5 + (.079.50 X 1,000) = $152.00, 


which still leaves the new structure the more economical of the two. 
Cenerally speaking, if the use of a Hibernianism be permissible, the easiest, 
most economical, and satisfactory way to repair an old bridge is to tear 
it down and build a new one. 

Observation shows that depreciation proceeds slowly at first and be- 
comes more rapid as time advances and as the loading increases. It is 
not pra(?ticable to state the law that governs the physical processes of 
deterioration, if, perchance, such a law exists. The eminent bridge spe- 
cialist, J. C. Bland, Ksq., C.E., Bridge Engineer of the Pennsylvania 
Railroad System, has studied deeply into this question; and in his tenta- 
tive investigation, which he had to make with most insufficient data, he 
suggested three methods, two of which he declared to be faulty, and the 
third only approximately satisfactory. His method, reduced to math- 
ematical form, may be given by the equation, 


D = 


(1 + 0 " - 1 ’ 


where D = the proportional depreciation at the end of x years, 
i = rate of interest expressed in hundredths, 
n = total number of years of useful life of the structure, 
and X = number of years at which the depreciation is figured. 

This formula was established by analogy, and no claim is made for 
its correctness. 

The author is of the opinion, however, that the depreciation will vary 
more nearly according to the ordinates of a parabolic curve, which is 
expressed by the formula. 


D = ax\ 
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If x = w, D will ('(lujil unity, and 

1 = an - . * . a = ^ 
11 ? 


and /) 

//- 

This is more simple than the preeedinfj; formula and is just as likely 
to be correct; for the more' deteriorated a l)ri(lfi:(‘ beconu's, the* more rapid 
is its rate of deterioration, and toward the (mkI of its life the structure 
certainly depn'ciates very rapidly, 'rruth to t(‘ll, there is no hnv of rate 
of (teterioration; for the st(M‘lwork of a ])r()perly designed, ])roperly manu- 
factured, properly constructed, and propca-ly protected bridf^e irill not 
deteriorate at all, iml(‘ss tlu' live load be incr(‘as(Hl Ixwond a V(*ry high 
limit; and for such a structure if the up-keep be only slightly neglected, 
the deterioration by rusting will be slow; but it is w('ll known that the 
more rustc'd the metal is the more rapidly the oxidation tak(‘s ])lace; 
hence it is fair to assume that, as far as detcTioration by rust is concerned, 
the rate will vary as the squan^ of th(‘ life'. 

In case it is deci(l(‘d to ix'pair or n'construct an old span, th(^ first 
step to take is to form a plan for so doing. If tlu^ floor systc'in is to b(^ 
strengthened, the stringers may be doubled up, cover j)lat(‘s may Ihj riv- 
eted to the flanges of the floor-beams, and additional stiflcMua’s may In^ 
inserted at points of concentrated loading. This was rc'ct'iitly done on 
the St. Louis and San Francisco Railway Company’s bridge at Memphis. 
This sort of repairing gc'iierally f)ays, as th(» truss(*s s(ddoni g(‘t the full 
load while the floor system do(*s so (piitc^ often. Falsework is not required 
for repairs of this nature; and the placing of the lU'w stringers (tan usu- 
ally be arranged for belween trains s(j as not to interrui)t traffic. 

Where plate gird(T spans are to be strengthened, the doubling up 
process is practicabk* and not expensive; and it int('rf(T(\s but littkt, if 
any, with tin? regular train s('rvie(‘. At tim(*s old truss spans can bet nv 
placed to material advantagi* by ins(‘rting oik* or two new piers betw(‘(*n 
the old ones and substituting plat(t girdcTs for the truss(*s. This is a good 
scheme, providing the waterway will |x*rmit of such additional n'stric- 
tion and that the (lovernment raises no objections. This method was 
followed to a large (extent by the author in n'constructing tlu* old bridges 
for the International and (in'at Northern Railway (’om])any in T(*xas, 
and in rebuilding tin* Rlack Hawk (’liuti* portion of the* Iowa (’(Mitral 
Railway Company’s Alississifipi River Hri(lg(^ at Keithsbiirg, III. In these 
instan(;(‘s many of the* j)i(^rs had to b(j remodeled by taking oil* the (rofiing 
and the upper courses of masonry and nibuilding with concnjti? so as to 
obtain a larg(*r top. The old spans had to Ixi supported by towers built 
close to th(; piers while tlie tops of the lattcjr w(;re lieing re(;onstruct(Ml. 

When old truss spans are to be replaced, thrs diff(!rent members should 
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l)(^ rnjitclKHl-iiKirked in a nitiniKM' similar to that us(hI by brid^^c^ companies 
on th(‘ir ii(‘\v spans. Then tlu^ nu^tal should bo taken down and piled 
in a convenient place for subsequent shipment. 

In the case of renewing a chord secition or web member, it will be nec- 
essary to build falsework under the span in order to support it and the 
live load during the period of repairs. Lateral systems can be strength- 
ened or renewed without special difficulty. The replacement of adjust- 
able members in thci lateral system with rigid sections is desirable and 
iKuther difficult nor (^xpc^nsivci; and this change should be made in most 
cases of repairing railway striictunis. As shown in Chapter LXIII, it is 
sometimc's desirable to ke(‘p an old bridge ojxin for traffic while building 
the new spans on the old piern. In such a case the new spans must be 
large enough to emdose the old. Falsework is constructed under the old 
superstructure, l)ut of sufficient extra width to accommodate the new. 
This falsework will have to carry the live load in addition to the weight 
of the new trussc's. TIk^ trusses and the uf)f)(^r Integrals are erected, then 
th(^ old trusses are dismantkul, one piece at a tim(\ the old floor-beams 
an* removed, and tlu* ii(*w oik's an^ s(‘t in and connected to the new trusses. 
Then the old string(*rs an* n*placed, one at a time, by the new ones; and, 
finally, new lo\V(*r laterals an* s(*t in and rivettul up, after which the false- 
work is demolished. The carrying of the new metal by the old span 
without fals(*w()rk during re])lacement is sometimes done. See the account 
of the Keiiova Bridge r(*c()nstruction in Chapter LXIII. 

The repair or n*const ruction of sul)structur(*, especially below the 
wat(*r line, is attendc*d witli more difficulty than is that of the superstruc- 
ture. It is f»x'(iuently nec(\ssary to enlarge the tops of old piers in order 
to carry tin* new spans. It is then ('ssential to support the adjacent spans 
on t(*mporary tow(*rs constructed clos(* to and on (*ach side of the pier. 
Th(*n as much as is n(*cessary of the top of the old pier is taken off, and 
a new ])ortion having v(*rtical faces is built on, thus providing a larger 
area un(l(*r coping. A further increase can bo had by constructing a 
b(*lting course just und(*r the coping. If additional strength is requinid, 
I-b(*ams or girders should be buried in the new to]) in order to distribute 
mor(^ n(*arly uniformly the loads over the mass of the j)i(*r. Before plac- 
ing tlu^ n(*w top, all holes and crevices in the old masonry should be filled 
with Portland cement grout. The joints and b(*ds of the masonry courses 
should have the old loose mortar dug out and new mortar rammed into 
the s|)ac('s and ])ointed. If the old masonry show signs of disintegration, 
it can r(*adily be ])rot(*ct(*d by removing all the loose material and thor- 
oughly cl(*aning the slon(*work and saturating it with a stream of water. 
Then any larger cavities should be filled with either Portland cement mor- 
tar or a fine conen^te, after which a wire netting is to be stretched around 
the entire pier and fastc'iu'd thereto with spikes. A final coating of mor- 
tar is then placed by a cement gun. This nu'thod was successfully em- 
ployed on the masonry abutments of the Chicago & Western Indiana 
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Railroad Company's bridge over the Chicago Drainage Canal, as related 
in the Engineering Record^ Vol. 71, page 337. 

Cylindrical piers can be strengthened and enlarged by putting a cof- 
ferdam around them, pumping out the water, removing the surrounding 
material to the foundation, and building a thick concrete casing enclosing 
the cylinders. In tlu? case that it is not practicable to reach good founda- 
tion with the n(nv excavation, piles may be driven in the open space be- 
tween the old pier and the coflferdam and concrete placed thereon so as 
to surround the old construction. 

In the case of weak foundations, or an unequal settlement, or a crush- 
ing of timbers in grillage or in cribs, when it be(?oin(5s necessary to under- 
pin the base of a pier in order to effect the repairs, an annular pneumatic 
caisson can be sunk around the old pier, leaving any desired clearance be- 
tween the two for workroom. Of course, the crib on top of the caisson 
would have to be extended up at least to the river bed, and a coflferdam 
would have to be built on top of that sufficiently high to prevent any 
flooding of the inner space. After sc^aling the pneumatic caisson the soil 
between it and the old pier is to l^e excavated to tlu^ base of the pier, then 
the underpinning operations may proceed, or, if deemed advisable, the 
old base may be left intact and the excavated space filled with concrete, 
thereby securing an augmented bearing area and a larger pier shaft. This 
concrete reinforcement can be carried to any desired height; but unless 
a portion of the load is effectively transferred to it from the old pier, the 
increased area of base will not relieve tluj intensity of pressure on the 
foundation. An ex(?ellent example of this method of r(q)airing piers is 
given in Vol. IjXXIX of the Tramaciiom of the American Society of Civil 
Engineers for November, 1914, the case cited being that of the Little Rock 
Junction Bridge at Little Rock, Arkansas, own(?d by the St. Louis, Iron 
Mountain, and Southern Railway Company. In this case the piers were 
not located accurately, being two or three? feet off centre, thus causing 
eccentric loading, and the timber crib above the caisson was largely filled 
with sand instead of riprap. As the sand leake'd out, more and more load 
was thrown on the timbers, and a crushing and settlement of the pi(T 
occurred shortly after the completion of the bridge, continuing to increase 
slowly thereafter until repairs were made fifteen years later. Several val- 
uable lessons can be learned by a careful reading of the above mentioned 
paper. Among them are that timber cribs should invariably be filled with 
concrete, that caissons should be sunk with greater accuracy, that cribs 
should be large enough to admit of some shifting of the shaft of the pier 
in order that it may be built in exact position, that pier shafts should 
have more than a bare sufficiency of area under coping to accommodate 
the shoes of the spans, that some logical method and a system of records 
should be employed on every job that will fix responsibility, and that the 
protection of the resident engineer and his principal, the designing engi- 
neer, lies in going on record in an effective way so as to offset the scamp- 
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ing tricks of an unscrupulous contractor, especially in case that the owner 
takes the part of the latter in his controversies with the engineer, as 
happens occasionally. 

In the late eighties the author was retained as consulting engineer 
to repair the Missouri River Bridge at Ft. Leavenworth, Kansas, which 
had been partially destroyed by fne. The bonds of the bridge company 
were owned in Holland; and the Dutch bankers interested decided to have 
the structure repaired. They sent over a Dutch engineer to take charge 
of the work; but as he was not a bridge specialist, the author was retained 
to prepare the plans and specifications for the repairs and to act as his 
adviser during construction. The structure was a high bridge, consisting 
of three Post truss spans that rested on high, cast-iron, cylinder piers 
only eight feet in diameter. The superstructure detailing was so unscien- 
tific and the cast-iron top chords were so cracked that many changes and 
improvements had to l>c made in order to repair dangerous flaws and 
to reduce certain extravagantly high intensities of working stresses to 
comparatively safe limits. The work cost a little over one hundred 
thousand dollars, which was a large sum for repairs, considering that the 
amount of the bonds was six hundred thousand dollars, tliat the income 
of the bridge was small, and that the probable life of the structure was 
only ten or twelve years. Had the calculations described earlier in this 
chapter been made, it is probable that the bankers would have saved their 
money and abandoned the structure to its fate. After some ten years of 
use by the Rock Island Railway Company, its employment for railway 
purposes was permanently discontinucHl, and as the income from the high- 
way was inconsiderable, it was soon afterward closed to traffic entirely. 
Today it stands without approaches a mass of rusting iron that some day 
will fall and obstruct the navigation of the river. 

In concluding this chapter the author desires to express his thanks 
to Messrs. MacMartin, Ibsim, and Bland for fheir courtesy in fumisliing 
him with the valuable information herein quoted. 
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STATrS OF IIIOIIWAY BIIIDOE BUILDING 

For nearl}" half a (•(Mitiiry the (losip:ninfj;. lotting?, and construction of 
hipfhway bridge;, have Ikmmi synonymous with i#i;noranee, cupidity, and 
graft; and it is only lately that there has ajipean'd to be possible of at- 
tainment any genuine improvement in the highway bridge business. In 
the old days of wooden bridges, when litth' or nothing was known of the 
theory of str('ss(\s or th(' jirinciples of design, highway bridges w(T(^ built 
much more substantially and honestly; for then the ]irincipal material 
used was cheap, and desigiu'rs made a practice of hiding their ignorance 
hy an extravagant use of it and by (employing in trusses several systems 
of cancellation, having their memlxM’s comi(M*t(Ml mori' or l(»ss substantially 
at every intersection. Again, in those d.*iys bridge' building was looked 
upon as an art, and the building of a bridge' was e*e;nside‘reel a gre'at achieve- 
ment, consequently bridge conslructiein was atte'inpted only by the' most 
skilful carpenters; and those men, having but little ceimpetitiem to elreael, 
took a pride in tlu'ir work anel built their structures to stay, often pro- 
tecting them at gre'at c'xpense against the' ek'structive e^fleeds of rain anel 
snow by housing them in on top anel sieles. The' e'xeu'ssive use eif timber 
made the? brielges so heavy that vibration was e*he'e*ke'et anel the' injurious 
results of impact were reduerd to a minimum; and I he' multiiile* system 
of intersection employed se> elivideel the stre'sse's as te) reliejve' materially 
any member or conne'ctie)n that hael a teneleney te) be^ e)verstre'sse'd. The 
consequence e)f tlie^se facts was that the bridge's thus built, although un- 
scientific and unee*one)mic in the e'xtre'iiu', laste'd a life'time; anel even 
today some of tlu'in still exist anel seTve as a meamme'iit to the hone^sty 
and skill o.’ their builde'rs, who have long siiie*e ])asse‘d away. 

IJut with tht^ advent of ire)n brielge's e*amej a kne)wle*dge* e)f stre'ss elis- 
tribution and the custom of preiportioning e‘ae*h main me'inber exactly 
for the e'omputed theiore*tie*al statie* stre-^s upe)n it, no re'e‘e)gnitie)n being 
giv(?n to the effect of impaed, and nei re^al atte'ntiein be'ing paiel te) the 
conneicting eledails. The accumulation of be)ok kne)wle'elge‘, which in the)sc 
time's consist(?d essentially of tlu'ory, e'ause'd the' publie* to le)e)k with less 
awe anel rc'spect upon the; art of bridge buileling; and ve'ry soon not only 
unskilled workmen but also m(;re bookworms b(;gari te) belie;ve; that they, 
too, coulel build brielge's. The re;sult was a gre'at incre;ase; in the number 
of briflge builders, ke;en ceanpetition for e;ontrae;ts, reMluction of e.*e)st of 
structure's with a more than corre'sponeling re;eluctie)n in lhe;ir quality, 
proportioning solely to comply with sot re;eiuire;ments (which were gener- 
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ally fixed by ignorant commissioners or equally ignorant county survey- 
ors), ignoring of all considerations of rigidity, adoption of extremely light 
live loads, and, in short, skinning the design and (cheapening the constnac- 
tion in every possible manner in order to secure contracts. The effect of 
this condition of affairs was soon evident, for higlnvay bridge disjistcrs 
quickly IxMcaine common, and bridges comparativedy new had to be replaced 
because of glaringly evident w(iakncsscs too difficult to (correct. '^Fhe road 
roller and the traction engine b(‘gan to get in their (kcadly work, and 
metal striKctures over railways commen(c(i(l to fail from corrosion, because 
of the (ch('ap paint used and the thin sections adopted. Such structures 
have Ikmcii rightly naiiKMl “tin bridges,’’ and their buihU'i’s have appro- 
priately luMiii dublxMl “liighwaynK'n.” Indeed, in one s(cnse they are 
worsec, for highwayiiKMi usually (k'lnand “your moni^y or ^^our life,” while 
th(\se bridg(‘ build(‘rs do tlucir b(\st to tak(' both! Th(iir ()bj(H;t is invari- 
ably to obtain the maximum amount of mornw for the miminum amount 
of bridge, and lo succcxhI (lu'nMU they (jfl(cn find it advisable to “stand in” 
with the county commissioners. That such “standing in” is not unusual 
is prov(Ml ))y the following amusing anecdote told by tluc late C. K. H. 
C’ampb(»ll, a w(*Il known western bridge contractor, in the (columns of 
Kmji neeri ng \vu\s: 

“A ('(‘rtain bridge coinpany scut its agicnt lo bid on :i largcj liighway bridg('. The 
agent found strong odds against liiin and wrote his su|)(*ri()rs fur advici*. The company 
wrote ba<'k that a jiropcr amount of ‘the long green’ jinlieiously placed where the proper 
otiieials would find it, would do inon* toward s(*euring the contract than all the chin 
music that he could grim! out. rnfta-tunately (?) th(‘ ngc'iit lost the letter of advice. 
It was found by the agent (»f a rival concern, who iinm(‘diat('ly had s(*veral hundiTil 
copies prifited aiul <liMribute«l all over the country so as to warn the 'un.'^uspi'cting 
agriculturalists’ (who fillecl the county olIic<‘s) .against those bad i>erM)n.^-, ami thereby 
run them out of the businc'ss; but, strange* to n*late, .an unpn’C('ih*nt(*d wave of jmw- 
perity soon ova*rtook the bad <*oinpany, and for several y(*ars aftcaavard they did Ji 
thriving business, often obt.aining contracts at higher ])rices for lighter we>rk than their 
rivals, and lhi*y still continue biisine.ss at the old st;ind, over-reaching all competitors.” 

Soon aft('r the; advt'iil. of iron bridges, pooling of competitors became 
an cstablisluMl custom, and this so multipliiHl the numlx'r of biddt'rs that 
their name became legion. All that a bridge agent or scalper iuxxUhI in 
order to obtain his “rake-off” was a bundle of old drawings, some printed 
forms to fill out, and unlimited assurance. Many amusing stories are 
told of l)ridge lettings and of the dc'vious ways of the comp('tit()r'<, a num- 
ber of which hav(^ found tludr way into print. Ileri' is oiu* that Inis not: 

Some years ago half a dozen “highwaynuMr’ met on a railway train, 
which thi'y had takcMi to attc'iid a bridge hdting, and there fornu'd a p(K)l 
with a g(xxl commission for ('ach. Mr. T., anotluT “highwayman” and 
a piisi master in the art of securing contracts, hapixmed to be in the same 
tiain on his way to N(nv York. lie kiu'w nothing of the U'tting, but se('ing 
six of his usual competitors in one of the coaches, he went to his berth 
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in the Pullman car^ took some papers out of his gripsack, made them into 
a formidable looking roll, and sat still awaiting developments. Pres- 
ently one of his confreres espied him, and reported to the rest that T. 
was aboard. They concluded that ainlcss something were done quickly, 
the pool would be broken, consequently one of their number was au- 
thorized to approach Mr. T. and offer him five hundred dollars to keep 
away from the letting. He went to the Pullman car, sat down by T., 
and asked him where he was going, to which T. replied, “Oh, I'll be with 
the rest of you fellows,” and pointed to his roll. Then the highwayman ” 
made his offer, to which T. replied “not for a cent less than one thousand 
dollars, and cash down at that.” After vainly trying to lower the price, 
the delegate returned to the rest, the crowd made up the required sum 
(for highway bridge agents and scalpers generally find it convenient in 
their travels to be well provided with cash), and the delegate handed it 
over to T., who went on his way rejoicing. 

Another amusing story that the author heard lately illustrates the 
ignorance and worse of the professional “highway bridge scalper.” One 
of them who operated in the northwest had some engineer prepare for 
him a diagram of stresses and sections for a light, ninety-foot-span, high- 
way bridge; and he used it several times to good effect in securing con- 
tracts. On one occasion, having to bid on a ninety-five foot span, he 
submitted the same sheet, secured the contract, turned the diagram over 
to the little manufacturing company which furnished him the metalwork 
for his superstructures, and obtained the material without any comment 
being offered. Having been so successful in this economic move he tried 
the scheme again with a one-hundred-foot span, and with like result. 
Thus encouraged, he gradually increased the span length that he made 
the diagram serve until he reached one hundred and twenty feet, when 
the manufacturing company wrote him about the matter, protesting thus: 

“You have already stretched that old stress sheet far beyond its 
elastic limit, and we refuse to be a party to any further stretching.” 

Pooling is illegal, and in some states it is a criminal offence, punish- 
able with both hea\y fine and imprisonment; nevertheless it still exists 
in the highway bridge business; and as long as bridge lettings are con- 
ducted in the manner still in vogue, just so long will the pooling evil 
continue. County commissioners are themselves to blame for this wretched 
state of affairs; because they make a practice of advertising for tenders 
upon competitive plans, and thus attract a huge crowd of bidders to each 
letting, putting each competitor to considerable expense not only for 
traveling but also occasionally for pniparing designs. Experience has 
taught the competitors that there is seldom any use in sending a mailed 
bid, and that it is one of the men on the ground who almost invariably 
secures the contract. All traveling and bidding expenses eventually have 
to be paid by somebody, because “highwaymen” are not in the bridge 
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business for their health; ami there is no way except pooling that will 
enable them to secure reimbursement for their unavoidable expenditures. 
At first it was customary, to arrange for each bidder to add to his tender 
a lump sum, computed specially for each occasion, to cover the legitimate 
expenses of all, but this proved so easy that soon the amount was increased 
so as to add a little profit, and ere long it was made as large as the job 
would stand; and too often it contained money to be used for corrupting 
officials. It was not long l^efore these conditions rendered the building 
of good, ordinary, highway bridges almost impracticable; for, no matter 
how much money the county was willing to spend on a structure, the 
builders would take it and would build the cheapest bridge they dared, 
using the surplus money for commissions to unsuccessful (?) bidders, laige 
profits to the builder, and parliamentary’’ expenses. Moreover, it is so 
hard to break through established custom that highway bridge builders 
became unable to design and construct good bridges, even if they so de- 
sired; because, in the first place, they were densely ignorant of the enor- 
mity of their chronic; transgressions against good engineering practice 
(what is customary generally being considered right) ; and, in the second 
place, the intellectual status and constructive ability of highway bridge 
builders, as a body, had been so lowered by the influx of scalpers at 
bridge lettings that the moral sense of the craft was pretty nearly 
reduced to zero. This sad state of affairs continued to exist for many 
years, notwithstanding occasional vigorous attacks upon it and urgent 
pleas for reform by engineering writers, among others the author. These 
attacks may have done some good in a few cases, but their general effect 
was small; for usually it is only the strong arm of the law that can put 
down public abuses and remove menaces to the lives of the people. High- 
way bridge failures for year after year have been almost of weekly occur- 
rence, and too often they have involved the loss of human life. Some 
attempts have been made to legislate against the building of unsafe 
highway structures, but in most cases these have been failures. 

The only practicable way to put down the abuse and to stamp out the 
current evil practices in bridge construction is to have the various states 
establish laws appointing competent bridge engineers to prepare plans 
and specifications for all highway bridges and to supervise their manu- 
facture and construction: and to make it a crime punishable with im- 
prisonment to build such structures in any but the manner prescribed 
by the law. The expense of maintaining a state bridge engineering force 
would not be excessive, Ixjcaiise standard plans for both substructure 
and superstructure could l)e prepared; and th('se would be used in nine 
cases out of ten. The appointing of the State Bridge Engineer and his 
assistants ought not to l)e left in the hands of politicians, but the Governor 
should be permitted to select only from a list of applicants endorsed by 
the American Society of Civil Engineers; and that society should give 
such endorsement:? only after a thorough examination of each applicant 
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on both tlioorv and prac*ti<*o hy a coininittcH' of brid^n specialists chosen 
from its inemlMTs. 

'^riie advent of the reinforced concrete I)ridj!;e may prove to be the 
inauguration of a better state of allairs in hijchway bridge construction 
and the means of correcting the crying evils which have existed for so 
long. Counties that are tired of replacing worn-out and rusted-out ‘Hin 
bridges” are beginning to call for reinforced concrete structures, because 
these require ver^^' little annual ex|ienditurc for inaintcaiance and repaii-s, 
and, as far as is known at pn'sent, when properly designed and built, 
they will last j)ractically forevta*. Jiut tlu^ sanu' ])rostitution of design 
and the same criminality in Imildiiig that for decad(*s have been the curse 
of the metal bridg(‘ business are becoming the bane of reinforced concrete 
construction. It reejuin's engineering skill of a higher order and greater 
practical ex])eri('nc(' to ])lan bridges of reinforced concrete than it docs 
to design stend structuiH's, and the former need much more rigid inspec- 
tion of materials and workmanship than the latter. The reasons therefor 
are as follows: 

First. The building of reinforced concrete bridges is a new art that 
is only beginning to be systcanatized. 

Seco7nl. Concrtdc* bridgivs are an eminently proper type of structure 
for some locations, but for others they are absoluttdy unfit; and when 
used in the wrong places they are liable to involve trouble and disaster. 

Third. It is ju.st as easy to skin i\u) lifci out of th(^ reinforcing bars 
of a concrete l)ridg(‘ as it has been in tlu' past to cut down the sections 
of steel bridges below tlu' danger limit; in fact, it is far easier, for, when 
the deed is once doiKs all proof of it is hidden permanently until after 
disaster has overtaken th(‘ structure. 

Fourth. The prev(*ntion of the use of improper cement for the con- 
crete throughout the entire construction is a very diflicult matter, and 
a barred or two of inert cement worked into a critical place might result 
in the d(\struction of the l)ridge. When one span of a concrete andi 
bridge collapses fh(* others an; more than lik(dy to follow suit, the whole 
structure from abutmcait t() abutment falling down like a house of cards, 
because the piers are gcan'rall}'' incapable of resisting the unbalanced thrust 
from the dead load of a single span. To make them capable of so doing 
would involve an expcaiditun; of money that is not warrant(*d, for the 
dead load thrust of any span should l)e r(*sist(Ml l)y that from the adjoin- 
ing spans, ex(;('i)t at the ends of the bridge, where it is taken care of by 
the massive abutments. 

Fifth. The sahdy of a reinforccid (;oncr(d(i l)ridge is primarily depen- 
dent upon a proper proportion of ingredients in th(j concrete and a thor- 
ough mixing of them, and then^forc it is at the mercy of the workmen and 
subj<;ct to the vigilance and can; of the foremen and the inspectors. The 
practicing of that all too common and most r(;prehensible trick of saving 
cement in order to reduce the cost of construction would involve far more 
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serious consequences in a reinforced concrete arch bridge than in the 
piers for a steel structure. 

If county commissioners will have the good sense to (jonsult com- 
petent bridge engineers before deciding to build reinforced concrete 
britlges, will retain them to make the plans and specifications and to 
supervise the construction, and will pay them upon a sufficiently liberal 
basis to permit of their hiring all the good insfKJctors that the work needs, 
they will succochI in eflecting a great improvement in highway bridge 
building. But, alas! this is too much to expect from ordinary county 
commissioners, who are too often chosen from the ignorant (ilfisses for 
political and oth(^r iinpropcT reasons; hence it is to b(i feared that the 
highwaymen, the scaliK3i*s, and the unfit desigiKTs will continue to get 
in their nefarious Avork, and that reinforced concrc'tc^ struct ures will prove 
no more reliable or durai)le than the notorious “tin bridges/' 

Since the precluding was written the author has ri'ceived a letter from 
his friiaid, J. C. Ralston, lOsq., CJ. E., forniialy ( -ity Engineer of Spokane, 
Wash., fixnu which, with the writer’s permission, the following extract 
is made. It confirms very eftectively thii preceding anticii)ation of future 
disaster to reinforced concrete bridges (Unsigned by incomix^tent or im- 
properly intiTcsted parties. Speaking of a certain highway bridge builder, 
Mr. lialston says as follows: 

“lie is the man who tlcsifrned and onen* put forward seriously an arch inaile of an 
intrados ring of concrelc* about, four (t) inclies thick and an (‘xtrados ring of the same 
thickness, tlu^ two rings b(*ing separated about twtdve (12) or sixte^en (Ui) inc‘has, and 
this interior fiUe<l with a well-ranuiMMl, niee, juicy clay. This, of course, furnished 
an aini)le play-grouinl for th(' n<‘utral axis and tlic» lines of pressure to play hidc-and- 
sevk, besales ollering special plastic inducements for these frisky functions to stay at 
home. In fact, I surmise tliat such a design, in the opinion of the d(*signer, circum- 
scribed lli(*ir sphere of action within thii mid<lle third by barricM’s of actual concr(*te. 
Thus Ave reach the superlative' — the very acme of perb'ct dc'sign, wheai by such simple 
mochanical means wi* confine all such ill-brcMl functions to an argillaceous field of innoe- 
uous desuetude. Neeel wi; congratulate ourselves on bc'ing memlx'rs of a profession 
in which its great leaders wi'ave in such eiiocli making fashion the dul(;ct lines of tlu'ory 
and practice into an im^oinparable fabric of royal pta-fection?” 

But, seriously sjx'aking oii(*o more, the reinforced con(*rete bridge, 
which certainly has come to stay, is eventually going to jirove the cure 
for the ills of highway bridge building, and tlic medicine that will effect 
it is the motor truck. That tyi)e of traffic- vehicle has proved itself to 
be economic;, and it lias rapidly become lieavu'r, until now its loads rival 
those of the famous road-rolh'r -that bugbear of liigliway bridge builders. 
KurtluTincm;, it must, bc' rcMnemlKTcxl that tlu» road-rollers traverse bridges 
so slowly that thc'ir impact is assumed to b(' zcto, whih' the motor trucks 
jiass over at spcMxl, iu'c(»ssitating the usual higliway imjiact allowance; 
lienee in divsigning tlu' floor systems it will lU'arly always be found that the 
motor truck is the ruling factor. Tlu' ordinary county bridge of st(*('l 
trusses with wooden floor is so lacking in stnaigth, rigidity, and mass as 
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to be incapable of carrying heavy motor trucks with perfect safety; and 
as these vehicles have no restricted area of operation, and as their use in 
the country districts is rapidly increasing, it appears likely that light 
wooden trestles and tin bridges will soon throughout North America have 
to be relegated to oblivion. 



CHAPTER LXVII 


BRIDGE FAILURES AND THEIR LESSONS 

The scope of this chapter does not permit of an enumeration of all 
the railway bridge failures that have occurred since structural designing 
was placed on a rational basis by Squire Whipple; nor has the author 
available the necessary statistics for making such a compilation. How- 
ever, it is desirable that the reader should have an appreciation of the 
influence that past failures have exerted in advancing the standard of 
bridge designing and construction and in hastening the adoption of the 
bridge specialist’s recommendations. To the newer generation of engi- 
neers, it might seem that the pres(;nt excellence of bridge design and con- 
struction has been attained without much effort. Such, however, is not 
the case; for the present .standard has btKjn reached by a costly weeding- 
out process — the defects l)eing brought to light by failures of structures 
or of parts thereof. It has cost a great many lives and dollars to attain 
the present standard of excellence. The mental inertia of those in au- 
thority which had to be overcome was enormous. Improvement has been 
brought about through the persistent efforts of the consulting bridge 
engineer by raising the rociuirements in his specifications so as to keep 
pace with the acquisition of new facts, and through his insistence that 
the said specifications lx; adhered to. 

There is always something to lx; learned from a failure; but too often 
failures are smoothed over and minimized and given insufficient public- 
ity, so that their lessons are not duly observed nor appreciated. That 
there have lxM;n numerous failures in times past one can readily see by 
glancing through the back numbers of the engineering periodicals. For 
instance, the Engineering News, Vol. 23, page 373, gives the following 
table of railway bridge failures covering the period of years from 1879 
to 1889, inclusive. 


TABLE 67o 

Bkidue Failures from 1879 to 1880 



1879 

1880 

1881 

1882 

1883 

1884 

Bridge failures, iron 

Total 

3 

1 

4 

6 

2 


16 

10 

38 

34 

27 

33 

Miles of track, Jan. 1, ctich year, 
1 = 1,0(X) 

81.8 

80.0 

98.3 

103.1 

114.7 

121.5 

Miles per bridge failure 

5,110 

8,600 

2,450 

3,030 

4,250 

3,675 
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1885 

1886 

1887 

1888 

188 » 

Bridge fiiiliiros, iron 

1 

S 

7 

() 

5 

Tot ills 

25 

20 

SO 

31 

22 

Milos of tniok, J:m. 1, (\u*h year, 1 = 1,000 . . 

12.'). 4 

12S.3 

130.4 

140.3 

150.1 

Miles per bridge* fiiilun* 

5,010 

0,415 1 

1 4,547 

4,S00 

7,000 


This table shows a total of 280 failures in eleven years, or an average 
of tw(*nly-six per annum. Forty-three of these failures were of iron 
bridges, an average of nearly four per annum. Tlu* number of lives lost 
and persons injun'd in the elevcai-year period is not given, but for the 
year 1889 ther(? were reported nineteen deaths and sixty-four persons 
injured in tw('nty-two wrecks of bridge's. In 1889, the last year of the 
period, there were some' 24,150 iron spans and 15,250 wooden spans in 
service; and of these, five iron spans and seve'nteen wooden ones failed. 
Four of theses iron spans which sueeumb('d were wrc'cke'd by derailed 
cars and one hy a defective pier. Of the wooden-span failures, four 
structures were burned, three were wrecked by freshets, six w('re knocked 
down by derailed cars, and three succumlx'd from inlu'n'nt. weakness. 

In many cases impact due to derailment of cars produced the failure. 
Lack of precaution at the ends of the structures in the way of guard rails, 
re-railing frogs, and collision posts was a contributing (*aiis(i to many of 
these accidents. Hence it is reasonable to conclude that some of them 
might have been prevented and the elTccts of others minimized, and this 
remark applies to the cases of the burned wooden bridge's and those^ washed 
out by freshets. In 1895 then* were thirt 3 '-s(*v('n failures of railn)ad bridges, 
causing a loss of fift^^-se've'ii lives, besides injuring eighty-six persons. Four- 
teen of these striictun's were knocked down, five wc'n* ‘‘sepian* falls,” six 
were destroyed b\" fin;, and five w(*re carried out b.y fn'slu'ts. Severn of 
these thirt^'-seven failures were? of iron or stc'el bridge>, six e)f whie*h were 
knocked down aiiel one wre'e*ke'el by a freshc't. Six e*le'e*trie; line* brielges also 
failed that jTar, resulting in fent^'-six persons killeel anel nine? injur(?el. 
Further eletails cone*erning these failures will be? founel in the Kntjineering 
Newiiy Vol. 37, page* 93. Jt will b'e ejbserveiel that the? 3 'e?ar of 1890 shows 
an incn?ase in failure?s over that of 1889, whie*h, jx'rhaps, is to be? (?xpecteel, 
as the number of brielges hael increase'd i‘e)nsielerabl 3 \ On the? edher hanel, 
improvements hael been maele in design anel construe‘tie)n, anel safety de- 
vices hael be'cn de»vele)pe*<l, so that if the railroael com])ani('s hael availcel 
themselves e)f the?sc things te) a larger (*xtent, this number e)f failures would 
have been reduceel. However, as fourtec'ii spans were? wreckeel by derail- 
ment, six were burn(?d, five fail(?el b(?cause of inhere'iit weakness in some 
part, and five w(?re washeel out by freshets, it seems that the lessons of the 
earlier failures had not b(?en hcc(l(?d. ]Morc?over, veiy little publicity was 
given by the technical press to these accidents at the times of their oc- 
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currcnco. Not one of the eases given in the list above quoted from the 
Engineering Newfs was then mentioned in the Engineering News, Engineer^ 
ing Record, or Railroad (lazeitc. They were probably considered as of 
minor importance, and h(‘n(!(; wore ignored; but omi hundred and three 
casualties for one year ar(; (icTtainly of great importance, bc'causc^ that is a 
big prices to pay for the repcjtition of hysons which should have been learned 
at the first teaching — a price paid by th(5 pul)lic, not for its own blunders, 
but for the shortsightednf^ss of railroad authoritic's who were seeking to 
make an ilh'gitimatc^ ])rofit from that public. Yet such is the inertia of the 
human mind that iimovations are usually spurned by the majority without 
ev(ai a tryout; and it lakes a repetition of iini)uls(‘s to produce? action. 

The author has not at hand the statistics for later years and, there- 
fore, is unable to say whether the number of failures is in(?reasing out 
of proportion to the nuiiibeT of bridges in service. However, sis a newer 
generation of engineers is coming into r(\sponsible (;harge of work, he feels 
that a brief digest of some of the more serious failures of past years will 
be of servi(;e to them. Those failures occurring before the establishment 
of rational bridge? d(?sign by Squire Whipple will not be eronsidered. 

One of the early failures was that of the railroad bridge ov(?r the Gas- 
conade Iliver in Missouri. This was of such serious import that the 
Directors of the Pacific Railroad appointed a committee to investigate 
the causes of the? accid(?nt and r(?port thereon. This report, whi(?h was 
writt(?n at St. liOuis on November 19, 1855, gives as r(?as()ns for the fail- 
ure light construction and too great speed of train. The design was at 
fault in not providing adequate' sen^tions for the stresses to be rc'sisted. 

Another early bridge disast(?r was that at Janesville?, Ohio, in 1866. 
The report e;e)vering the ae*cident was dated at Di'troit, Mich., Decem- 
b(?r 13, 1866, aiiel givevs the cause of the failure as the “weakness of 
trussing under the floor-beams’^ — another case of faulty elesigii in detail- 
ing. The Ashtabula Bridge faileMl in December, 1876, causing ninety- 
two deaths and sixty-fenir injurie's. Failure occurred in the top chord of 
the bridge truss immediatc'ly under the driving wheels of the locomotive 
\vhen it was two panels, or 22 feet, from the alnitment. This structure 
was a badly (Unsigned Howe-truss bridge, with cast-iron top chords, and 
was only eleven years old at time of the accident. Tn addition to the 
fatalities, this WTeck cost the railroad company fiillj" $600,000. This 
failure led to the abandonment of cast iron for principal parts in future 
bridge? designing. 

The St. Charles Bridge over the Missouri River at St. Charles, Mo., 
was wrecked in 1870 by a derailed car or truck, producing through impact 
violent abnormal stresses in ce'rtain members, some of whieJi were of cast 
iron. Another serious accident occurred in 1887 on the Dedham branch 
of the Boston and Providence Railroad, five miles from its terminus in 
Boston. In this case defective hangers supporting a floor-beam next to 
the abutment broke, letting the floor system settle so that the cars follow- 
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ing the engine were stripped of their trucks by (.contact with the masonry. 
These hangers were loaded eccentrically — an instance of poor detailing — 
and they had old breaks which had not been discovered by the regular 
bridge inspector, who, instead of being a bridge engineer, was a machinist. 
The Engineering News, Vol. 17, pages 100, 204, 207, and 223 gives an 
extended account and discussion of this failure. 

The collapsing of the Atchison, To|x?ka, and Santa Fe Railroad Bridge 
across the Pecos Riven* in 1802 wjis due to the undermining of an abut- 
ment and not to any defc'ct in the span. A few hours before the failure 
an unusualh’' hea\y rain-storm raised the water (deven feet above its 
normal height and to within three feet of the floor-beams. At the bridge 
site the river made a sliaq) turn, forming an (iddy which produced a scour, 
undermining the abutment and causing it to tilt forward. As soon as this 
movement became sufficient to allow the end posts to droi) behiinl the 
masonry, the weight of th(^ bridge was thrown ui)on the stringers of 
the first panel. These tore loose and were raiscul, and the eyebars of the 
lower (rhord were badl}'' bent. Soundings made aftca* the failure showed 
a smooth flat b('d-ro(!k eight feet below water, or twenty-six f('('t below 
the rail. That this opportunity for securing a safe foundation was over- 
looked indicat(?s gross carelessness. 

Another instance of substructure failure is that of the four piKniniatic 
piers of the Little Rock Junction Bridge of the St. Louis, Iron Alountain 
Railroad Company at Litth' Rock, Ark. These pi(?rs w(T(^ constructed 
about 1884, but so poorly that trouble was experienciHl with them from 
the very start; and efforts have been mad(! during the last thirty years 
to correct the defects resulting from th(? contractor’s filling the cribs 
largely with sand instead of the stone called for in the plans and specifi- 
cations. This sand leaked out, and tlu^ small (juantity of riprap that 
was used settled through the (frib, leaving the tinilK'rs thereof to carry 
the load unaided. Th('se timbers were not sufficiently strong to bear the 
burden, and hence wen; crushed. This condition was aggravated by the 
fact that the location of the pi(;rs was badly done, and the caissons w(;re 
from two to three feet off c(;ntres wdieri finally placed. This condition 
necessitated the building of the shafts of tlu; pi('rs to one side in order 
to conform with the span-lengths, thereby idaeing an eccentric load on 
the cribs and caissons. Unequal settlement and tilting resulted, so that 
tlu; sho('s of some; of the spans overhung the (;dges of tin; copings. Im- 
pending disaster was narrowly averted from time to time by leveling up 
and placing I-beam grillage under the shoes. In 1808 extensive re- 
pairs were undertaken, and annular caissons surrounding two of the old 
defective piers were sunk to bed-rock. The space; intervening between 
the old and the new caissons was partially cleaned out and filled with 
concrete. This was an effective cxp(;dient for maintaining the pivot pier 
in position, l)ut the movement of Pier 4 was not arrested. By 1906 that 
pier had moved so far that one of the spans was in imminent danger of 
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falling off. As a temporary cxpedientj an I-beam grillage was placed 
under the shoes. In 1908 a steel bent was constructed to support the 
overhanging ends of these I-beams. The bearing for this bent was se- 
cured by building a concrete footing on the wide edge of the crib up to 
low water. A detailed account of this and further repairs is given by 
C. K. Smith, Esq., C.E., in Vol. LXXIX of the Transactions of the Am- 
erican So(a(^ty of Civil Engineers. The; lesson to be learned from this 
faulty construction work is that it is both safer and less expensive to use 
an ami)lo factor of safety in preparing substructure plans and to see that 
the contractor carries out the essentials of the said plans before he gets 
his compensation. 

In August, 1803, a bridge on tne Boston and Albany Railroad at 
('hester. Mass., gave way while a through vest i billed train was passing 
over it, prcHiipitating several of the cars into the river. The bridge was 
undcTgoing n^jiairs; and the rivets had been cut out of the top chord of 
one of the spans for a length of about ten feet. The additional plates 
had bec'ii put on but not riv('ted when twelve o’clock came and the work- 
men quit for diniHT, the foreman having left the work a half hour earlier. 
As a result of tliis carelessness s(;venteen pcTsons were killed and over 
thirty injured. Anoth(;r serious accident occurnul during the same year 
to the houisville and Jeff(;rsonvillc Bridge a(*ross the Ohio River at Louis- 
ville, Ky., th(; striKdure being then in iiroctess of erection. One of the 
long spans had b(‘en complet(;d and its fals(;work removed, but the lower 
laterals had not b(»en i)laced in the two panels Jit the south end; while 
the adjacent long span was partially assembled on falsework. On De- 
cember 15, 1898, a strong wind caught the traveller, while the guy ropes 
were slackened preparatory to moving it, and tilted it so that its load 
of about ninety tons was thrown on one (?orner for support. This was 
too much for the pik; bent of the falsework, which had i)reviously boon 
w(;akened somewhat by the scouring of the river bed. The failure of this 
portion of the falsework caused the rest of it and the partially erected 
metal ujwn it to go out,, so that practically the entire span was lost. Later 
in the day the adjacent span above mentioned failed and dropped into 
the river during a s('vere wind storm. This span was 550 feet long and 
weighed about 2,000,000 pounds, which preclud(\s the possibility of its 
having beiai lifted and blown off the piers, because tlu' surface's e.xposed 
to the wind wctc only those of the chords, web ni(Mnl)ers, floor s 3 "stem, 
and lateral bracing. The ])robable cause of this failure was reported by 
an exi)ert to be the temporary bolting up of the; splice's in the inclined 
(;nd posts and the consequent inability of the latter to re'sist the bending 
moment produced by the wind load; but the author is of the opinion 
that the primary cause was the omission of the lateral diagonals of the 
two panels at one end of the span. Without these there was no way 
to carry the wind load of the lower lateral sj'steni to the pier, because, 
the structure being pin-connected and the hip verticals being of eyebars 
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only, it could not travel to the hips by vertical sway bracing and thence 
by the portal bracing to the pier. The omission of these diagonals after 
the span was free from the falsework wjis criminal carelessness of the 
worst possible description; for this accident caused the loss of over 
twenty liv('s. 

An instance of a failure of a bridge due to the undermining of a pier is 
that of th(' Ni*w York and Ottawa Kailroad Company’s crossing of the 
American cliannel of the St. Lawrence River near C'ornwall, Ontario. 
Fifteen iikmi were killed in the acjcident, and sixteen were seriously in- 
jured. The erection of th(‘ two atljacent spans resting on this pier had 
been completed. The falsework under one had bec'ii removed, and the 
traveler was being dismantled on the other at the time of the failure. 
The river at the site of the pier is about thirty-five fecit deep, and has a 
swift current estimatc'd to run from five to eight miles p(»r hour. The 
river bottom is a clay hard-])an in which bouldcTs are imbedded, many of 
them being of targe size. No borings were made Ix^forehand to deter- 
mine the thickness of the hard-pan and what material underlay it. This 
pier was founded by sinking a timber crib and filling it with concrete 
depositeil under water by buckets dumping at the bottom, lleforc the 
concrete was placed, divers went down insider of the crib and obtained 
samples of the bottom, which were deemed satisfactory by the engineer. 
The first concrete laid was put in sacks and dc'posited around the sides 
of the crib, after which the remainder was jdaced by a yard bucket, and 
carried up to a plane four feet bedow watcT l(*vel. Then the crib was 
pumped dry, and two course's of masonry were si»t. In this condition the 
pier went through tlu' winter season and successfully resisted the heavy 
ice pressures; and in the si)ring it was struck by a large timber raft which 
was broken by the collision, but the ])ier showcnl no sign of weakening. 
Shortly afterward th(^ remainder of the shaft was completed and the 
erection of superstructure was begun. The pi(*r was s(‘t at a slight angle 
with the current and had no riprap about It to prevent scour. This 
obliquity and some restriction of chaniH'l by tlu^ falsc'work and the other 
piers produ(;(xI an increase in velocity sufTicient to scour and undermine 
the pier on one side, so that it toppled ov(»r without warning, letting the 
two adjac(‘nt spans fall into the river. After the failure, borings were 
made to detcirinine the nature of the foundation. It was thc'n discovered 
that the hard-pan was only from eightex^n inches to two feet thick, and 
below that, for a depth varying from twc'lve to ('ighteen fc^et was soft mud 
or clay. This, of course, should have been ascertaiiKMl before the plans 
for the substructure w(‘re prejiared. The fact that borings were not made 
renders those in responsible charge guilty of criminal carelessness and 
makes them accessories to the deaths of the drowned men. That these 
plans were made under the direction of the Chief Kngincer of the New 
York and Ottawa Railway Company, were approved by the Consulting 
Engineer of that company, and were further approved by the Canadian 
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Clovcrnincnt cnsinocrs without tho basic information n^lativc to founda- 
tion material — passes understanding. The general fact that glacial drift 
is extant in all that part of the continent should have aroused the sus- 
picions of the designer and led him to insist on borings being made in 
order to obtain correct data. 

The Erie Railroad Bridge at Buchanan Junction, a few miles from 
Meadville, Pa., was wrecked in October, 1902. The structure consisted 
of oiKi central truss span and two half-through, plate-girder spans. At 
the time of the failure a freight train had partly crosscnl the bridge. The 
evidence indicated that <jiie of the posts of the north truss had been hit 
by a plate-girder floor-beam in transit, projecting from a flat car upon 
which the load had shifted. This floor-beam jammed against the car 
behind with sufficac'iit force to break the train in two. The shock of the 
blow and the momentum of the train behind were sufficient to buckle the 
post, causing that side of the l)ridge to drop and to pull the other side 
down with it. This accident was not due to any dcifect of the structure. 

A suspension l)ridgc at (liarleston, W. Va., gave way under a load 
consisting of a layc^r of snow and ice four inches thick, twelve teams, and 
about fifty i)edcstrians. Two of these were killed outright and others 
were more or less seriously injured. The primary cause of this failure 
was an impairment due to the fact that a high water i)reviously rose over 
the floor at oru^ end, which was at a lower elevation than the other. The 
pnjssuni of th(5 curnmt caused the bridge to tilt at a (*onsiderable angle, 
which condition produced an exca'ssive loading on th(^ up-stream cable, 
snapping some of its wires and weakening it so that later it failed. After 
the water receded, the floor returned to its normal position with many 
of the wires broken, but it was still used 1 ) 3 ’^ the traveling public until 
the time of the accident. Above ground th(^ cabk's were found by sub- 
sequent investigation to be in a much l)etter condition, because of paint- 
ing, than under the stonework where the 3 " were subjected to freciuent 
wettings and had become badl 3 " rusted. Many of the wires in the in- 
terior of tho cables w’ere eaten entirely through. Six 3 '('ars before the 
failure, the bridge was known to be in a dangerous condition; and several 
times it was closed to traffic, but after temporary repairs was n'opened. 
The cabl(‘s that failcMl wen? enclosed in anchor masomy, and hence could 
not be inspected. The k'sson to be gained from this case is that the 
important i)arts of a bridge should l>e built so that they may readily be 
inspected at all times, and that a bridge known to be in a dangerous con- 
dition should be replaced by a new structure without delay. 

The most stupendous failure on record is that of the Quebec Bridge 
across the St. Jiawrence River, the accident occurring during erection on 
August 29, 1907. The collapse came suddenly and without appreciable 
warning to the eighty-five men on the structure. Only eleven of these 
were rescued, and all of them were morc or less seriously injured. This 
i)ridge was the longest of its kind that had ever been attempted in any 
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luiul, iiiul it was suppos(Ml to repivsent tlu* best product of the bridge 
builder’s art at that time. The fall was due to the buckling of the lower 
chords of one of the anchor arms. The chord sections consisted of four 
thick compound webs, with comparatively very small flange angles held 
together by lacing angles. r]ach w(*b was made up of four plates aggre- 
gating a thickness of and angles for flanges at the sides for lattice 
connection. The dimensions of the chord section w’ere 4' X 5' 

7 ^ 2 "- The lattice angles were 4" X 3" X 5 s" Rnd the cross struts 334" X 
3" X ?s" ixngles. The iiisufficiency of this lacing and the lack of stiffen- 
ing in the flangi's of the s('parate ribs, or w('bs, were the defects that 
permitted the chord sections to buckle. This, of course, was faulty de- 
signing; but later the designers claimed that tluTo were no ])r('e('dents 
for proportioning compn'ssion memlMTs of that magnitude. Howewer, it 
was even then generally recognized that in designing all struts tlu^ ])rinci- 
pal radii of g>Tation should be made as great as possible, and that thc'n; 
should b(', in general, souk* equality of division of the metal between 
webs and flange's. No reliable theory had lluai ('stablislu'd for ])ropor- 
tioning lacing, nor wctc there any recorded results of Ic'sts made' on such 
details for large memb(Ts. Anotlu'r contributing cause' was the e'xistence; 
of a dead load thirty (30) per cent larger than the? brielge' company's elc- 
signing engineer had assumoel when making the stress e*alculations. 

The C'anaelian Governnie'nt appointed a e'ommissiem of able' e'ngineers 
to investigate? aiiel re'port on tne causes of this failure. An abstract of 
their report will be' found in the Engineering Newsj \o\, LIX, page's' 307 
and 317. 

The lessons to be dra^^^l from this awful elisaste'r are as follows: 

First. A cemsulting engineer she)ulel ne've*r trust the detailing of a 
bridge to the maiiufae*turing company, but should pre'pare cennpletc plans 
there'for in his own e)ffie!e'. 

Second. It pays to s])read the me'tal in comi)re‘ssion me'mbe'rs as much 
as is ce^nsistent with othe'r fe?atures e)f geK)el ele'signing. 

Third. There is ne) e'xcuse for the aelual ele'ael lejael in any brielge? 
exceeeling that assumeel by me}re» than a me*re? trifle*. 

Fourth. One should lieed warnings eve?n wheTi they come? frean uri- 
educateel we)rkmen. 

Fifth. Ple'iity of time? should always be alloweel for making the' pre'- 
liminary stuelic's fejr a design anel the Avorking ])laiis. 

Sixth. It is e?xe?e?e*elingly bad prae;tie;e? to skin the life? emt of a brielge 
in order to save me'tal. 

Seventh. In e?ve'ry important l}rielge prejje'ct the? ce)mplctcel plans shoulel 
be che?cke?d in detail tlirenighout by seane capable brielge (?ngine?er who is 
entirely eliscemnected frem either the ce)iisulting i?ngin(ier or the contractor. 

This te?rrible accident to the first Qu(?l)(?e; bridge was a most severe 
blow to the entire bridge engineering profession in Am(?rica; for it will 
be many decades before the European engineers cease taunting their 
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professional brethren in this country about the failure and its dire con- 
sequences. Not a single bridge specialist of any prominence is there in 
the United States who luis not felt more than once the evil effects on his 
practice of the unparduiuiblc lack of skill and attention which was char- 
acteristic of the designing and building of that ill-fated structure. 

Thus far in this chapter the failun;s of highway bridges have not 
been considered, but tluiir name is legion. So many cases have resulted 
from incompetency and dLshonraty on the; part of both designers and 
builders that it seems hardly worth while to j)i(fk oiit a few specific ones. 
Until the authorities realize the need of engaging the services of an out- 
side, disinterested sp(*eialist, such disiustcrs will continue. 

TIk; foregoing examj)les of railway bridge failures are but a few se- 
lected almost at random out of the many that are on record. These 
are not pleasant things to contemplate, but a (sin'ful study of them leads 
to valuable! n'sults, increased knowkslge, improved methods, and a keener 
realization of the resjwnsibility rating on the engineer. In general, 
failures have resulted from faulty design, iiifc'rior workmanship, poor 
material, or unfair treatment. To rt'lluee these factors to a minimum is 
the desire! of the! ee)nseientious euiginesT, but tex) ofte-n the anxiety of 
the client to ge*t something done in a hurrj’^ or tex) cheaply is the unelerlying 
cause of fjiilure'. 

Better de'signing will come with fuller kne)wU'dge, better workmanship 
with improvesl supe'rvisie)n, better materials with more rigiel specifica- 
tions anel testing, aiiel be>tte'r tre‘atme*nt with me)re the)re)ugh co-opera- 
tion of the partie's hanelling the wexk anel with a more intelligent appre- 
ciation of what the designer is trjung to accomplish. 
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SPECIFICATIONS IN GENERAL 

This chapter will deal with the characteristics of hrid^^e specifications 
in general and with the theory of siK'cificalion writing; while in Chapter 
LXXMII will be found complete specifications for designing and in 
Chapter LXXIX complete six'cifications for manufacture and erection. 
The author has dealt with this subje(?t prc'viously at length in his book 
entitled ‘‘Engineering Specifications and Contracts^'; and the contents 
of this chapter are mainly taken from that work, to which the reader 
is referred for a more thorough and elaborate treatment. 

Specifications prescribe the limits of the construction they govern and 
the qualities of materials and workjnanship which enter into it, and they 
define the relations which shall exist between the partii's to tin* contract, 
of which they form a part, and the degree of res]K)nsibitity which attaches 
to each. If complete plans have been pn^panul and all the conditions 
which affect the construction are known and fully (‘onsidi'n'd in advance, 
the specifications should constitute a full and exhaustive description of 
the construction, the materials and workmanship employed, the* njlations 
between the parties, the responsibility for aiicidents and for the dura- 
bility of the completed structure, the terms of payment, and all other 
matters which affect the work. 

Specifications arc drawn in the int(*r(?st of the pay(*r, and they should 
contain ample safeguards to insure the construction of the work in ac- 
cord w’ith their letter and spirit; but th(»y should be fair, eminently so, 
or they W’ill fail in their full purpose. Unh^ss a contractor knows the 
engineer and his principals to be fair be3'ond disputes in their diialings, 
he must add materially to what would Ik? a normal tcaidiT for the work, 
in order to insure himself against serious loss whenever unfair specifica- 
tions govern. Even a close personal acipiaintance and jirevious (experi- 
ence with the paj^er and his representatives an? insufficient guarantees that 
an unfair specification will not be enforced, b(?cause a change of princi- 
pals or agents may, often does, take place during the execution of tluj 
contract; and a wise contractor will not run the risk of rigid (»nfor(;ernent 
of the specifications without corresponding compiiiisation. Cons(?(iuently, 
every unfair advantage is paid for in the price of the construction, 
though it is of little or no value to the payer. Unfair clauses in 
specifications almost invariabl}' operate to the? detriment of the party in 
whose interest they wen? drawn, by producing a hostile and revengeful 
spirit on the part of the contractor, heading him to avail himself of every 
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opportunity to dcinancl extra compensation and extra time allowance 
for small considerations which are ordinarily ovcrlooketl where cordial 
relations exist. The payer may retain full control over the work and 
safeguard himself against bad materials and workmanship, against un- 
reasonable delays, and against a (jontractor’s dishonesty without the 
slightest injustice to the honc^st contractor, and if such action cause dis- 
honest contractors to refrain from bidding, it is all the more advantageous. 

The importance of the specifications, (^spcunally of their broad general 
clauses, is too rarely understood. If the engincier who draws them could 
exchange places for a tinic' with the contractor, he would soon learn that 
over-stringent clauses operate to liis detrinu'nt and, what is even more 
important, how it is possible to take advantage of his failure to specify 
definitely what he renpiires. As a rule, it is the broad general clauses 
that are most important, for they affect the entire work, while the clauses 
pertaining to details gove^rn a small jxn’tion only. Ambiguous (flauses 
are the most (k'triiiKMital of all. They insure high tenders; for, in jus- 
tice to hims(*lf, tlie contractor must assuriie that the intcTpretation most 
contrary to his interests will obtain. They )m)vide the foundation for 
(piarn'ls, law-suits, and vc'xatious and expensive decays. 

(lood specifications ar(i the result of long and sound experience in con- 
struction and in tlu' ]ir('paration of plans and specifications. If a part of 
the experience is obtained in the employ of contractors, the results arc 
more likely to b(‘ satisfa<*tory. The engineer’s knowledge of what con- 
stitutes good construction and how to obtain it is the accumulation of 
years. Tlu* foundation for his knowledge — and the foundation only — may 
be laid during his course of study in a technical school. The weaknesses 
and elTectiveness of tlie various clauses may be learned only b}" repeated 
use, and it is work well spcMit to review the s])ecifications and contract 
after the completion of the work they governed, and note the desiral)le 
imi)rovements and the fitiK'ss of individual clauses for future use. Thus 
the results of the (»xiierienc(» on one contract may be made availal)!e for 
the next, but indiscriminate copying from the specifications of others, or 
even from dike’s own, is c(*rtain to produce ))ad results. Some years ago 
one of the engineering journals called attention to an absurd typographical 
error in a set of specifications which had been in print for several years, 
and i)ointed out the same error in the specifications of s('veral j)rominent 
engineers, showing conclusively that some careless copying had been done. 

It ’s impossibk' for our technical schools to teach men to prepare per- 
fect specifications, but they can jirovide a good foundation by imparting 
a sound knowledge of the fundamental principle's and such a thorough 
training in the use of the English language' tliat the student will be able 
to express clearly wdiat is in his own iniiiel. Pre)fe'ssional work, a further 
study of the law of e^ontraets, and can'ful attention to the specifie'atiems 
pnipared by competent engineers must supi)ly the additional nccessar}' 
training. 
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Between the individual or corporation desiring the work done and the 
contractor who performs it stanils the engineer who has designed it and 
who usually superintends its execution. He is in the employ of the per- 
sons promoting the enterprise, and it devolves upon him to make sure 
that those who n'tain him rc'ceive an honest and fair return for their 
mon(\v. Wliile it is true that ho is employ(‘d by only one of the parties 
to the contract, he should not l)e })artisan, but should strive to see that 
fairness to both is sc'cured. The engineer should not be an enemy to 
the contractor, but should work in harmony with him, and should do 
alt he can to further the rapid and harmonious completion of the work, 
being careful, of course, to see (hat nothing is done which will in any 
way result in an inferior construed ion. As thci (engineer’s decisions are 
usually final (unless it can be shown that actual fraud exists), it behoovc's 
him to be careful that no injustice is done to anyone. 

In ordcT that the contractor may understand the scope' of tlie' work 
to be performe'd and the details of its construction, a writtem ele‘scriptie)n 
and plans, more or le*ss complede, defining tlie me'thods of construction, 
material, etc., to ])e use'd, are pre'pared by tlu' (‘ngiiuH'r for the' approval 
of the company having the' work done' and for the' guidance' of the' con- 
tractor. These writte'ii doeaiments are' the sjw'e'ificatiejns; and toge'ther 
with the contract, of which the'y forma ])art, the'y fix de'finite'ly the 
relations that shall subsist betwe'c'n the' company or corporation and 
the contractor. 

To build a structure, no matter how sinii)le', the*re must ]>(' a plan, 
if it is to be constructe'd intellige»ntly and efficie'iitly. As tlie^ size and 
impendance of the struct ure' incre'ase', the' ])lan grows more* and mejre (.*0111- 
plex, and he'iice the greate'r ne'ce'ssity for putting it. in some fixe'd and 
definite form which shall conve'y the; exact ieh'a e*xisting in the mind of 
the engiiK'C'r. To se'cure the pro])(*r exe'erution of a work of any magni- 
tude, specifications are; absolutely nece'ssary, ami the'y should be* ])r(*pare*d 
with gre'at care; and exaedness. For conve'nienee; of re'fe*rene‘e* and for 
clearness, the*y are; usually divided into clause's, whiedi may be* edasse'd as 
general and specific. Cleneral clause's refer to the^ businc'ss n*lations that 
shall C'xist l)e*twe*e*n the parties to the contract. In tlie'in is found the 
gemeral d(*scription of the Avork as a whole withejut any particular re'fer- 
c*nce* to de'tails. Time's and medhods of making payments, adhere'iieje to 
specificatiejns, inspection, and other analogous he'aelings make* up lhe*ir 
subje'ct matter. The'y should be (MJinjm'heMisivc in thear scojm;, and shendd 
not contradict one another. It is we*ll to avoid a double d(^se;ription of 
any particular thing. (Contradictory clause's are sure^ to lJe^ a stumbling 
bloe;k that will create friction and delay. At first glancej one*, would say 
that such clauses arc easily ediminated, Init e*are is ne.*C(\ssary to acerom- 
plish this. Fejr instance, a ce*rtain n'sult may bej desir(,*d in the substruc- 
ture of a bridge that will not fit in with the kind of superstructure wantexl. 

Specific clauses have to do with the details of construction and the 
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description of particular features of design. Tluy eml) 0 (ly tlic special 
ideas that the engineer wishes to incorporates in the work, and they should 
1)(‘ just as minute in detail as is requisite? to set forth the exact plan de'- 
sireMl. Detaileel drawings may l)e ne‘ce\ssary to iiielie*ate? ele»arly what is to 
be done, and the'se? drawings eitluT shemlel be i)re'pare»el b(*fore' the speci- 
Ccatioiis arc writtem, or at least should be suffieriemtly matur(?el in the? 
minel of the enginesT to enable him to write' his si)e'ei(ieations in accorel- 
ane!e with tlie'm. It must be re'membe?re'el that the' spe'e?ifie?ations anel plans 
constitute a guide boe>k fe3r the? contraeitor anel the resiele'nt engineer. 
They should tell what must be done, but should not iie?ccssarily state just 
how it should be elone. Spe?(!ifieatie 3 ns should look to the a(?e!omplish- 
me'nt of an e'nd rathe'r than to the means of its attainrne'iit. Of (;ourse, 
there? are exe:e?ptioiLS to this, as when the emgine'e'r l)elieve*s that for the 
be?st results work must be performed in some partie?ular way, in which 
ease it is ni'ce'ssary to iiieiorporate the methexl in the? spe'cifications. It 
must I)e r('me*mbe're‘d that under the'se (?ireumstanc('s the e'ontracte^r can- 
not b(‘ he‘ld re'spoiisible for the mistake's of the engiiu'er. Wlu'n an e'ligi- 
ne?('r spe'cifie's that a thing shall be? done* in a e*ertairi way, he' must as- 
sume' the' resp()nsil)ility of the oule?()me‘, bc'cause' the contractor is ne)t free? 
to adopt the me'thod he thinks bc'st suite'll to the' case in hand. For this 
reason si)e*cificalions should le*ave? the me'thod, as far as can be done' con- 
siste'ntly, to the contraeitor, and inste'ad should dwt'll upon the' e'nd to be 
attaine'd. A good contractor who is aedive and progressive' may fre'quently 
wish to introdu(!(' methods of construedion Ix'tte'r than those conce'ived 
by the e'ligine'e'r, and it were a poor set of spe'cifications which would pre- 
ve'iit his doing so. A specification can reaelily b(' ^a‘ry strict e*oncerning 
the' finislu'd work and at the same time? very libe'ral as to the methods 
to be' e'lnploye'el in its ae*e*e)inplishment. 

It fre'que'iitly ha])p('ns that the sjie'ci float ions are writte'ii without 
any ace*om])anying ])lans at all. In sucli e*ase's it is usual to re'quire' bid- 
ders to submit with the*ir te'ude'rs ])lans more or less eletaile'd of what 
they prope)se to elo. In this way the? e'ligine'er may make' a che)ie*e from 
various ])lans ])re'S('nte'el anel thus obtain what he e'enisiele'rs the l)e'st of 
a numbe*r e)f iele'as. S])e'cifications of this kinel will have, e)f course, ve'ry 
little' or ne)thing at all te) do with the eli'lails involvc'd, but will be con- 
cerne'd aline)st e'ntirely with the final ele'siri'd oute'ome. In other words, 
such a spe'e*ification will consist very large'ly of ge'iu'ral clause's, those of 
a spe*e'ific nature being eitlu'r e'ntirely eliminate'el or reduced te) a mini- 
mum. This methoel of letting e'ontracts without any accomiianying plans 
is by no me'ans to be? cornme'iuled. A good engine'er does not want other 
people to te'll liim what to use or what to do. If he' is thorough and well 
postexl in liis profession, he' is not going to let his own iele'as be? super- 
scele?el by those? of a contracte)r who furnishe's ])lans with his bid. In such 
a case the e?nginee.'r becoine?s only an inspee»tor, who simply passes upon 
the work and determines whether or not it fulfils requirements, when 
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piTliaps much of tho work is oiitin'Iy iit variiincp with liis own ideas. 
It is reasonable to suppose* that an engimx'r who devotes his entire time 
to designing stnietiiri*s of a particular kind (and no one man will attempt 
to cover the ('iitin* field) is more capable of arriving at the best design 
for a given case than a contractor who is ('ngaged in work of a varied 
nature*, and who, ix*rhaps, has given little or no thought to the design- 
ing of the* particular kind e)f structure upon which he desire*s to tender. 
It is undoubte'dU' a fact that the b(*st results are ace*omplish(*el when the 
plans and spe*cifications ai*e pre*pareHl by a competent c'ligineer, and when 
the* bidder is gove*rne'd by their re*quirenie*nts. 

Le't us cenisiele*r some of the salient fe'aturos e)f good specifieiations. 
Primarily, the'y shoulel give* a clear anel concise* descriptiem of the work: 
first, when considerenl as a whole, and the*n in de*tail, no part being slighted 
in this description. It ^^^ll not answer for the e'ngine*e*r to sui)pose that 
the contracte)r ^^^ll do things as a matter of course*, but lie* must produce 
a specification that will insure the*ir being elone. A contractor, if he be 
thoughtful and careful, will pay close attention to every de?tail set forth 
in the specifications, anel he* shoulel make his bid e*x])ecting to fulfil just 
the requirements e*numerate*el in the'm, no more anel no less. If he bo 
wise, he will not bid with the expectation of having the*m e?hange?d to 
conform to his convenience* or his notions of what is be'st. The engine*er 
is supposed to have stated in his s])e*cificatie)ns just what he wants, and 
no prudent ceintracteir will te*nder with the e*xpe*c(atie)u that his own 
ide'as wll prevail. If, the'n, upem the engine(*r ele*ve)lve*s the* respemsibility 
of determining the; work to be done, it will re*adily be* se'en that it behoove's 
him to cover the entire gremnd in his spe*cifie*ations. lie shenild give 
special attention tei the jiennts he inf(*nels te> re*(iuire abs(jlute*ly without 
alteration and shoulel leave no peissibility feir eleiubt in the miiiel of the 
contractor as to what will be expecte^el cejneerniug the‘m. lie shenilel be 
care*ful to se»t forth cle»arly the* units of me*asure to be* e»inplejye*el anel what 
is to be conside*re*el a part of the finished weirk, as distinguishe*el from what 
is merely acce*sse)ry. If e*xtra we}rk is to be; pe*rfejriiie*el, the amount of 
which it is impossible to de;te?rmine* in advane;e*, the; gre*ate'st care; shoulel 
be exe*rciseel in defining clearly just what shall constitute; such (;xtra work 
and in fixing the ce)mpensation for it. Failure to do this is frc(|uently a 
source; of tre)ublc anel annoyance that might be avoided by careful wording. 

Specifications shoulel be designed to secure the b(;st results consistent 
with what is corisielereel gooel practice. It is possible to make reejuirc- 
ments of such a nature that to fulfil them would mean an enormous out- 
lay of money not at all proportionate to the result. Sueih clauses in a 
specification make a bielder uneasy and cause him to adel to his bid a 
sufficient amount in aeldition to his profit to insure him against le)ss. 
A bidde*r shoulel make his teneler expeejting to (;omply with the coneli- 
tions of the specifications and that his fellow bielelcrs will do the same; 
and a clause that involves an unduly strict condition is liable to cause 
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him either to tender high or to bid hoping that its fulfilment to the letter 
will not be demanded. In nine cases out of ten such a clause will bo 
dearly paid for. Absolute perfection is not to be expected, but the very 
best that the most approved practice will afford should govern the re- 
quirements. An engineer must lose prestige if he specify things which 
cannot consistently be done, and by inserting such requirements he works 
injury to all parties concerned. In the matter of materials to l)e used, 
he must be governed by the locality and by what the market has to offer. 
He may l)e unable to get just what he would like; therefore, he must use 
the best that can l)e obtained. These remarks do not imply that the 
engineer should be satisfied with any makeshift that is offered. He can 
rest assured that he will not receive anything better than he demands, 
and he is fortunate if he succeed in getting everything as good as he speci- 
fies. As he is a large factor in determining what shall be considered good 
practice?, he; shoulel ne)t be content to put up with shoddy stuff when 
better can be obtaineel. As in all business relations, moderation with 
firmness shoulel govern. 

Again, specifie;ations should be written in simple, plain language with- 
out any attempt at rhelorie*. All verbs should be e;e)mple»te\ and ne) worels 
shoulel be omitted on the assumption that they are; iinderslooel. Of e;ourse, 
the law will interpre^t a e*e)Titrae;t or a spee*ificatie)n in a(;e*ordance with what 
the court decieles is its spirit, l)ut an engineer shoulel ne)t rely upon this 
to guarel against oniissie)n. If the six;cifications are pre)perly preparcel, 
the;re should be' no occasie)n for appealing to the; cenirts te) elecide; what is 
or is not the spirit intenele;el. While such ele)ciime;nt.s shoulel be compre- 
hensive, they shoulel not be; verbose; and abe^ve all things they must not 
be ambiguous. She)rt sentene*es anel simple words are prefe'rred. Pune*- 
tuation and grammar, while usually anel errone'e)usly consideroel of niine)r 
importance in an engineer’s practice, erertainly play an important part 
in this particular kind of lite;rature. The me'aning of a sentene*e can 
easily be elistorted or even entirely e*hanged by the misplacing of a comma. 
Do not fear to re'peat the same worels or phrases over anti ove'r again in 
your specificiations, if you find thi'y best convey the itle;ayem have in mind. 
This may involve oe-casionally some; lack of e;u|diony, but that can very 
rcaelily be elispense'd with in writings of such a prosaic nature. 

Shoulel more than one e*ontractor be emple)yed uj)Oii a pie'e*e; of work, 
great care must be; exercisenl to elefine clt'arly the duties of each. Just 
where one is to finish anel the other is to begin she)iild be set forth so as 
to leave no possibility of eloiibt. When practicable' in such cases, separ- 
ate and elistinct si)ecifie'atie)ns for the elilTerent parts of the work should 
be preparcel. Care should be taken that the same thing is not required 
of both contractors, anel that one e;ontracte)r is to leave his part of the 
work in such shape as to involve no harelship or ine'onvenience for the 
one who is to fe)lle)W. As an ilhistratie)n e)f e*ases of this kinel, in briilge- 
work it frcciucntly happens that one contractor will do the substructure 
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work while another will build the siiiicrstructure, in whieh case it is nec- 
essary to specify who is to set the anchor bolts and anchorages. 

The engineer must be careful about putting anything into his speci- 
fications that has even the appearance of favoritism. He must be con- 
stantly on his guartl to avoid this, for his position is such that his repu- 
tation is liable to suffer if he deviate in the least from strict fairness to 
all. It is bad policy, generally speaking, to require a particular brand 
of material or the product of a given firm without stating that other 
material will be accepted, if, upon testing, it be found of e(iual quality. 
When a given brand is well known and has an established reputation, 
it is sometimes proper to specify that it shall be used to the exclusion of 
other makes, but usually it is best to set a standard whi(;h is commen- 
surate with the best product to be had, and then accei)t any brand which 
meets the requirements. An exception to this rule is permissible when 
specjifying paint for metalwork, because, unless the particular brand be 
stated, the contractor is liable to give emlless trouble by off('ring for test 
inferior brands, and tlie result is very lik('ly to bo th(^ adoption of a paint 
that is not really satisfactory. Unscrupulous parties an^ ever ready to 
give the engineer a bonus in case he use their product, and that engineer 
is fortunate who has an extensive? j)ractice and is yet entirely free from 
all charges of peccability. Where one man’s product is rejected and 
another’s used, there is a great temptation on the part of the disappointc'd 
person to (jnestion the fairness of the proceeding. An cngin(?(?r once 
guilty of crook(Mlness is badly handicapped, and justly so, for no man 
w'ishes to entrust the expenditure of his capital to one who is not abso- 
lutely above suspicion. 

To insure that all the conditions liavc been enumerated, it is evident 
that the engineer must familiarize himself with (?V(Ty detail of the work 
in hand. If he does not understand it himself, it is certain that he will 
not succeed in getting a clear idea of what ho wants into the mind of 
another. Ev(?n wh(;n the scheme is perfected in the engineer’s mind, it 
is difficult sometimes to make it plain to the contractor. 

It will not do to jump at hasty conclusions, for ver}" often one 
finds that an idea, which at first seem(?d to l)c just w^hat was wanted, 
proves utterly untenalilcj wdien considercMl in connciction with other 
ideas that must be imiorporated in order to produce? a finished con- 
struction. No idea for a spcicification has any value until it has been 
fitted into the profioscHl structure*, and is found to harmonize? with all the 
otheT re»eiuire*m(*nts. 

It is usual anel proper in spc?cifications to inse»rt a clause allowing the 
engineer the nrivilege of changing them or the plans as the w^ork pro- 
gresses, but it is de‘sirable feir all con(?e?rne?el that the number of these 
changes be reeluced to a ininirriurn. A perfect set of specifications wenilel 
renele?r such a clause us(*less; but sine?e we have not yet attain(?el to per- 
fection, we must have some means of recourse, bearing in mind, however, 
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that the more such a clause as the one referred to is brought into use, 
the farther we are from the ideal. 

The question of precision is one which should never be lost from sight. 
If the engineer is to maintain his prestige', he must be precise. It will 
not do for him to say ''about this” or "about that,” for the "about” is 
very liable to assume proportions which wc're never dreamc'd of when the 
term was used. Of course, there are times when it is neuther necessar^*^ 
nor desirable to \n) absolute^ly exact in rc'quirements; but, geiK'rally speak- 
ing, the word "about” has very little place in a set of specifications. 
What is put into them is plaec'd therci with th(^ idc^a-thai it is to be opera- 
tive and binding in the; construction of the work, and it is the duty of 
the engino('r, first of all, to impose no impossiblcj or unwise' conditions, and 
next, to see that what he lias required is fulfilk'd to the letter. 

The sp(*(dficatioiis form a part of the contract, as was pn'viously stated; 
and wIk'u llu' latter is signed, the eontraclor agrees to all th(^ conditions 
th('y set forth. It is ])roper to assume' that he has read the spi'e*ifications 
and is familiar with their re'e|uire‘me'nts, and that he? signs the? contract anel 
make's his bond with the' full knowle'dge' of what is befeire' him. A spe?e;ifi- 
cation should never hide from the coiitrae'teir the' difficult ie's that arc likely 
to be? encouute*re'el. On the' contrary, wdien such diffieniltie's are knenvn to 
the; e'ngiiwer, tlie'y sliemld be' spc'cially calk'd te) the C()ntracle>r's notie;e^, so 
that he may bid more iiite'llige'utly. His attentieiu, however, should not 
be elrawn to them in such a way as to frighten him and to cause him to 
make; a bid abnormally high, but the facts as tlu'v e'xist anel are known 
to the e'liglnee'r should be state'd. As in all rc'lations in life, straightfor- 
warel, fair-and-square' dt'aling is by far the' be'st iioliey. Ne) railroael com- 
pany or otlu'r corporation is bc'iie'fite'd by le'tting a contrae*t for a sum 
below the actual cost plus a re'asennible' peree'iitage feir ]irofit, since the 
elelays incident to the; contrae'tor’s failure and the litigation that is likely 
to arise; will more than counte'r-balaiice the supi)e^se'el saving. No con- 
tractor who is le)sing mone'y is going to make; the same' exertion to accom- 
plish his task projH'rly as one who ri'alizes that he is t'aming a fair profit. 

Ill spite of eve'ry ])recaution that may be take'ii, it is almost impossible 
to avoid mistakes entirely. A given proposition may appe*ar to the en- 
ginee'r in his ofIie*e before; work has comme'iice'el very eliCfc'rent from what 
he fillets it in the fie;ld afte'r the construclion has begun. When an engi- 
ne;er discovers that he has made a mistake, he should not he'sitate to 
acknowledge it, and to set abeiut, as best he; may, to e'orrect the error. 
He should lose no opportunity to check against errors, anel shoulel be 
thankful when they arc eliscovere'el in time to prevent harm. To reduce 
mistakes to a minimum, the e'ngineer must be thoroughly ce)nversant with 
all contingcncie's likely to arise; in the e'xe'eaitiem of the work. He should 
familiarize himself with the appliances ordinarily employed, and slioulei 
so design his work that their use is not preihibited. In writing his speci- 
fications and in making the plans, he should have a cleor and complete 
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mental picture of just what he is striving to attain. It must be remem- 
bered that if the specifications are lived up to, they will entirely determine 
the result, and that it is the plans and specifications wherein the creative 
power of the engineer asserts itself. 

Finally, when all is said and done, common sense must govern the 
interpretation and execution of any sc^t of specifications. All should have 
but one objc'ct in view — ^the i)r()(hu!tion of a structure that will be a credit 
to everyone concerned. 

All tlu^ bridg(i superstruetun^ specifications that one meets with may 
be divided into two general groups: first, those which cover the design- 
ing, manufacture, and erection; and, second, those' which treat of manu- 
facture and ('reetion only. Spe'cifieations of the first type are issued by 
railroad companie's, bridge' manufaeduring compeinies, and a few consult- 
ing engine'e'rs; anel those of Ihe' se'cemel t\"]^c only by those consulting en- 
gineM'rs who elo the e'litire ele'sigiiing of tlu'ir strue^ture's themselves, leaving 
nothing in the line of detailing to the contractors, excepting the; jm'par- 
ation of the shop elrawings by elaborating the detail drawings furnished 
by the enginee'r. 

Whe'iie'ver a consulting bridge c'ngine'er issue's specifications that give 
instructions as to the de'signing and proportioning, it is pritm facie e'viele;nco 
that he intends to make; a practice e)f submitting diagrams of stre'sses to 
manufacturers for tenders, and letting the succe'ssful bielele;r make the 
dc;signs subject to his approval. Designs evolveel in this manner are 
invariably infe'rior to those; ele've'lopeel entire'ly by the bridge; specialist 
himself, and drafted in his own e)flice elire;ctly iinele;r his own e've's; pro- 
vided, of course, that the said specialist is thoroughly expe'rienced and 
competent. 

The; r(;aeler will notice that in this treatise the specifications for de- 
signing are entirely se;parated from those for manufacture anel ejection. 
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CONTRACTS 

The subject of Engineering Contracts has been treated very fully 
by the author in his book entitled “Engineering Specifications and Con- 
tracts,” and the subj(^ct-matt(T of this chapter has b(H?n largely drawn 
from that work, to which the Header is refernnl for a more complete dis- 
cussion of the subject. 

The dividing line between specifications and contracts is most difficult 
to draw, for in any particular case two engineers will rarely agree as to 
what clauses pertain properly to the specifications and what to the con- 
tract, of whicJi th(! specifications form a part. Some engineers prefer to 
throw nearly everything into the spcjcifications and thus keep the size of 
the contract proper as small as possibles, while others make the latter 
very extensive by including in it many clauses that are ordinarily found 
in the specificrations. Again, others make a practice of repciating in the 
contract (icTtain (!lauses that have already been covered in the specifica- 
tions, but this method is objectionable in that it is liable to result in con- 
flicting clauses. The author’s preference is to throw as miudi of the 
matter as possible into the specifications and nnliKie the size of the con- 
tract proper to a minimum, avoiding repetition of statement in the two 
parts of the work, but of nec^essity treating certain subjecits in both parts, 
though from dilTen'iit points of view. There is no doubt about the proper 
place for most of the topics or heatlings, but in certain cases there are 
plausible reasons for locating them in either division. All clauses that 
relate to methods of construction, qualities of materials, character and 
excellence of the work, rules limiting the functions and powers of the 
contractor and defining the authority of the engineer, directions to bid- 
ders, and transportation of men and materials un(|uestional)ly belong to 
the specifications; but such clauses as those relative to adherence to 
specifications, alt(*rarion of plans, damages, extras, payment, responsibil- 
ity for accidents, the spirit of the specifications, strictness of inspection, 
liquidated damages, scope of the contract, and time of completion might, 
perhaps, be properly inserted in cither division. The author's custom, 
however, is to include all of these clauses and others of like character and 
scope in the specifications. 

The importance of drafting contracts properly cannot well be over- 
estimated. An incorrc(;tly drawn agreement is almost certain to involve 
serious trouble and often ixjcuniary loss to an innocent party; hence it 

1557 



1558 


BRIDGE ENGINEERING 


Chapter LXIX 


behooves engineers to study thoroughly and fundamentally the science 
or art of contract writing. 

Before one can draft a contract, he must have clearly in mind a full 
and well defined idea of all the conditions and desiderata, and he should 
epitomize these sj’stcmatically before beginning to write. It is advisable 
to keep constantly in view the ix)ssibility that each party to the contract 
may be unscrupulous and willing to take every possible advantage of 
every weakness which the said contract may contain and which will tend 
to his own profit — ^lionor and integrity to the contrary notwithstanding. 
Failure to bear this in mind will often result in some ambiguity that will 
cause rank injustice to one of the i)arties to the agreement. It is diffi- 
cult for an engineer to recognize this weakness of human nature and to 
keep it constant I3" before him when writing contracts; because the train- 
ing and the work of engineers tend to develop in them to an eminent 
degree the principles of absolute honesty; consequent I3’', it comes liard 
for them to be forced to make a practice of doubting the integrity of 
their business associates. To mistrust the motives of onc^s fellowmen 
is disagreeable but essential, if the writer of six'cifications and contracts 
is to protect hiniscdf or his clients from loss and fraud. 

The essential elements of an}^ contract, according to Mr. John Cassan 
Wait, the noted authority on ‘^Engineering and Architectural Jurispru- 
dence'' are as follows: 

First, Two parties with capacity" to contract. 

Secmid, A lawful consideration; a something in exenange for its legal 
equivalent, a quid pro quo. 

Third, A lawful subject-matter, wlujther it be a promise, an act, or 
a material object. 

Fourth, Mutualitj^: a mutual assent, a mutual understanding, a 
meeting of the minds of the parties. 

Without these four el(?ments no contract is binding in law. 

The essentials of a well-drawn contract that comes within the province 
of the engineer, however, are as follows: 

First, A proper and customary form. 

Second, A full and correct description of all parties to the 
agreement. 

Third, A thorough and complete preamble. 

Fourth, A statement of when and under what conditions the contract 
is to become operative. 

Fifth, The limit, if any, for duration of contract. 

Sixth, An exhaustive statement of what each party to the contract 
binds himself, his executors, administrators, successors, or assigns to do 
or to refrain from doing. 

Seventh, A clearly defined enunciation of the consideration which 
each party is to receive — this is the essential raison d^itre of the 
instrument. 
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Eighth. The forecasting of all possible eventualities that would ma- 
terially affect the agreement, and a full statement of everything that is to 
be done in case of each eventuality. 

Ninth. Penalties for failure to comply with the various terms of the 
agreement. 

Tenth. Provision for possible cancellation of contract. 

Eleventh. Provision for settlement of all business relations covered by 
the contra(?t or resulting therefrom in case of cancellation, taking into 
account all possible imi;x)rtant eventualities. 

Twelfth. Mention of the places where the agreement is drawn or of 
the place wh(;re it is to l)e put in force, so as to show the state under the 
laws of which the validity of the contract is to be determined, should suit 
be n(jc('ssary to enforce it. 

Thirteenth. Mc^thods of payments, if any are to be made. 

Fourteenth. Provision for (‘xtra compensation and the limitations 
connected tluTewith. 

Fifteenth. Provision for possibles changes in contract. 

Sixteenth. Provision for transfer of the contra(;t or for sub-letting. 

Seventeenth. Provision for s(?ttlement of disputes. 

Eighteenth. Provision for satisfactory and sufficient bond, if any be 
needed. 

Nmetecfith. Provision for defense of lawsuits, if such provision be 
necessary. 

Twentieth. Definition of names used in contract, such as “Engineer,*^ 
“Company,^' ‘‘Contractor,” or “Trustee.” 

Twentg-fird. Dating of contract. 

Twenty-second. PropcT signatures with the necessary seals, if the 
latt(T be rt^quired. 

Twenty-third. Witnesses to the signatures or execution before a notary 
public. 

''rh(»re will now bo taken up and discussed in the order of their enu- 
meration each of these essentials to a properly drawn contract. 

First. The; style's of opening clause for (roiitraeits arc botli numerous 
and varienl, and it is difficult to say which is the' best. Each writer nat- 
urally will have om; favorite style and w'ill adlu'n; to it whenever pos- 
sible. The author’s for many y(*ars has been as follows: (In order to 
make it more readable; the; usual blank spaces Avill be filled out with some 
assumed names and a date.) 

MEMORANDUM OF AGREEMENT, made and signexl this eleventh day of 
February, 11K)5, by and between t he Kanssis (^ily Bridge and Terminal Railway Com- 
pany, a corporation of the State of Missouri, the party of the first part, and some- 
times termed in this agreement and in the speeifieal ions the; “Company,” and the 
Western Contrae^ting (Company, a corporation of the State of Kansas, the party of 
the second part, and sometimes termed in this agn'enient and in the specifications the 
'‘Contractor.” 
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Wait recommends the two following forms of introduction: 

This AKrooment, made* and cutorod into this eleventh day of February in the year 
of 1905, by and between, etc;., etc. 

Article's of Agreement, made and entered into between The Kansas City Bridge 
and Terminal Railway Company, a corporation, etc., and The Western Contracting 
Company, a corporation, etc., on this eleventh day of Fcbniary, 1905. 

After the iiitroduetory clause comes the preamble, and immediatedy 
after it the author iuscTts in eaintal letters: “NOW THIS AGKEEMENT 
WITNESSETH,” and follows with consecutively numbered clauses that 
embody all the t('niis and conditions of the contract, then closes with 
provision for the signatures and seals of the contracting parties and wit- 
nesses to these signatures. 

SecoJid. In descril)ing the various parties to an agreement, care should 
be tak('n to make the deseriyition full and convincing in order that there 
shall bo no possible mistake concerning the identity of each party. This 
is eflfected in th(' ease of an individual by stating his occupation and place 
of residence, in the cas(» of a firm by naming it fully, mentioning its place 
of business, and describing the kind of partiuTshij), and in case of a com- 
pany by giving its legal title and the name of the state or country whcTi; 
it was incorporated. In case of a partnership it is som(‘tim(‘s well to 
specif}" whether it is general or special in respect to the work covered 
in the contract. 

While most contracts are dra\\"n betw(‘en but two parties, it somc'- 
times occurs that an agnM'ment will involve thrc'O or even more. Such 
a contract is much more comyjlicatcd and difficult to draft than one b(?- 
tween two ])arties only. 

Each party should be designated in the instrument by his special 
number, as the party of the first part or the y)arty of the second i)art; 
and in addition it is well to give? each anothcT designation, such as “Con- 
tractor,” “Company,” “Own<T,” “Engineer,” “PromotcT,” “ Hoard,” 
“City,” “Incorporator,” or “Trustee,” in order to avoid lh(i use of too 
many words throughout the document, as would be the case w(*re he 
always refern'd to as the party of the first or second part. In order to 
make assurancc3 doubly sun? it is well in some? cases to d('fine. the terms 
“(Contractor,” “(Company,” “Engineer,” “Promoter,” etc., at the end as 
well as at the* b(*ginning of the documc*nt. In any case these explana- 
tory clauses should be placed at the bc'ginning or th(i end of tlic speci- 
fications, because th(? latt(*r arc often used witlnait the contract being 
attached. 

Th(T(» is no strict rule? as to the order in which the several parties shall 
be plac(‘d, but it is customary to make the one who pays the money the 
party of th(‘ first i)art. In case of employcT and employee, the employer 
should come first. In other cases it is a good rule to put the most im- 
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portant party first and the oUkts i\s nearly as may be in the ordcT of the 
importance of their relation to the enterprise or object-matter of the 
agreement. 

There is a consideration of primary importance in contract writing 
that is sometimes overlooked, viz., whether the parties to the agreement 
are legally entitled to enter into contract. For instance, in the case of 
a company, th(^ president or gcmeral manager, or perhaps either, can 
sometimes legally contract in the company’s nam(^, but sometim(\s he can- 
not, in which casc^, if haste be essential, it would be proper to have him 
enter into and sign the contract and afterward have it formally approved 
at a meeting of the board of directors. A properly ccTtified copy of the 
board’s approval should subsequently be attac^hc'd to th(» contract. Ac- 
cess to its charter and by-laws is generally nec(\ssary to determine who 
has authority to enter into and sign contracts for a company. 

In contrac.ting no corporation can exccc'd thci limit of its powers as 
given by its charter. If it attc'mpts to do so, its act will be ultra vires 
and without effc'cl ; consc'quently it Ix'hooves oik? in writing a contract 
with a corporation first to study well its charter, articles of incorporation, 
and by-laws. 

Contraciting with unincorporated organizations as partic's, such as 
associations, clubs, socioti(*s, or congrc'gations, is a precarious business; 
nevertheless it often has to be done. In ordcT to ensure the* payment of 
money obligations by such parties a suffic/ient sum should be di^posited 
in advance in the hands of a r(*putable trustee with instructions to pay it 
to the propcT party or partic's as soon as the obligations cov(T(‘d in the 
contract have* been m(*t. OtluTwisc*, the othcT contracting party is liable 
to lose his entire' consideration, because it is very difficult to hold h'gally 
an organization that has no legal existeiKM', ('vc'ii if all the? members thereof 
be individually liable. 

Again, any jierson under twenty-one years of age, t(?rni(?d in law an 
infant, who enters into a contract. Inis the privilege of repudiating it 
after arriving at the age of maturity, in case that it does not redound 
to his advantage; coiiseciueiitly it behooves the writc'r of a contract to 
make sure in all doubtful cases that the contracting jiarticis are of age. 
In engineering contracts, however, this question is seldom likely to arise 
because very young men are not often concerned in a prominent way 
with important enterprises. 

Similarly, imbeciles, inebriates, and lunatics are incompetent, and 
contracts made by them are legally voidable at tlujir option. While it is 
highly improbable that either an imbecile or a lunatic would ever be made 
a party to an engineering contract, it is not impossible that a man chron- 
ically addicted to the over-use of liquor might be so concerned. Such 
a man might plead that he was under the inlliKUice of drink when he 
signed the document, and thus possibly effi'ct his release from its obli- 
gations, consequently the writer of an engineering contract should assure 
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himself of the temperate character or at least of the sober condition of 
the parties thereto. 

A married woman in some States cannot contract, sue, or be sued in 
her own name. While it is uncommon for women to be engaged in en- 
terprises involving engineering, it is by no means impossible, as one such 
case has occurred in the author's practicje. 

In case of war a contract entered into between parties who are sub- 
jects or citizens of the conflicting countries is illegal, and if war be de- 
clared -subsequent to the signing of the contract, its obligations cannot 
be enforced by law until after the war has ceased. As engineers are often 
intcrest(?d in projects in foreign countries, this is a matter that needs to 
be borne in mintl when preparing the contracits for such (Uiterprises. 

AVhen a contract is entered into by an agent, care should be taken to 
make this relationship both clear and legal in the docuiiKmt by stating 
the name of the ownc'r or corporation and following it with tlu^ words 
acting by and through Air. X., Agent, Attorn(\y, lOngineer, President, 
or Treasurer (as the case may be), by virtue of the authority vested in 
him through i)ower of attorney of the (here name the individual or com- 
pany) dated the day of 11) — , a copy of which is hereto 

annexed," or in some similar and equally explicit manner. In this way 
the name of the r(»al princapal is made certain, the authority of the agent 
is preserved, and the possil)le liability of the agent as the principal is 
averted. It must be rcirieml>ered that no claims or ol>ligations against a 
principal are created by a contract entered into by an agemt who acts 
without proper authority, unless the contract be afterward confirmed 
directly or indirectly l)y the principal. 

Aluch engineering work is being done and is to be done in the future 
by contract with the United States Government. In making such con- 
tracts it is important to note that although the ( JovernirKMit may enter 
suit on its contracts for their enforcement, it cannot, without its own 
cons(;nt, be sued for non-compliance therewith. Instances are not un- 
known of repudiation of contracts by governnumts. Furthermore, pub- 
lic officers cannot })e held personally liable for contracts signed by them 
in their official capacity. 

The names of the parties in the body of a contract should correspond 
exactly with the signatures and seals at the end, for a variation might 
prove fatal to the validity of the document. 

Third. The preamble is a most important portion of any contract. 
It should explain fully all the whys and wh(?r(ifores of the agreement and 
its raison d'&tre. A thorough explanation of the agreement there would 
often render clear the intent of a clause in the body of the instrument 
that is otherwise ambiguous. 

Fourth. Every contract should contain a statement of when or under 
what conditions it is to become operative. The date may be some par- 
ticular day of month and year or immediately after, or some definite time 
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subsequent to, some act or occurrence, such, for instance, as the giving 
of written notice, or the deposit of a certain amount of money in a cer- 
tain place, or the completion of a certain piece of work, or the arrival 
of a railroad at a certain point. Whatever the condition precedent '' 
may be, it should be made clear in the document beyond the peradven- 
ture of a doubt. 

Fifth. Too often in contracts nothing is said concerning the duration 
of the agreeinent or of how it is to be drawn to a close. In some cases 
it would be impracticable thus to limit the life of the contract; but in 
others it is not only practicable but also advisable, and sometimes it is 
imperative, especially where a bond for proper completion of work is 
involved. 

Sixth. The statement of what each party to the contract binds him- 
self, his executors, administrators, successors, or assigns, as the case may 
be, to do or to refrain from doing should be thorough and complete in 
every detail. The importance of this is s(ilf-cvident, nevertheless it is a 
point that is not always given proixT attention in contract writing. 

In all contracts between (jorporations or between a corporation and 
an individual, the promises to perforin should be made binding upon the 
successors or assigns of each corporation, although it is probable that 
the law would enforce this, even if the stipulation lie omitted. 

In contracts where an individual is a party to the agreement it is Iwst 
to bind not only himself but also his execaitors or assigns, unless, penbance, 
the obligation be of such a nature as to be non-transferable, as for in- 
stance, the performance', of personal duties or services of an exjiert nature 
or involving special skill. Thus an engineer’s services are not transfer- 
able, unless some special provision be made and agreed to by both parties 
that, in case of his death or inability for good and sufficient reason to 
finish his work, his contract is to lie assumed by some other engineer either 
named or to be determined afterward in some specific way. But the 
death of one membe^r of a firm of engineers will not cancel an agreement; 
for as long as one of the original members of the firm rcMriains in charge 
the contract will hold. In other words, it would require the death or 
incapacity of all the original members of the firm to abrogate the con- 
tract, unless special provision to the contraiy exist in the written agree- 
ment. 

Construction contracts arc generally assignable, unless they contain 
provision to the contrary. 

Seventh. The consideration which c'ach party to an agreement is to 
give and is to receive should be clearly and fully statc'd in the document, 
otherwise unsealed contracts are liable to be held valueless and void in 
law. Moreover, the consideration must be real, substantial, and ade- 
quate. Some lawyers make a practice in many cases of specifying a con- 
sideration of one dollar, and they even try to pass that dollar around 
among the several parties to the agreement by having each party make 
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nominally that payment to each of the other parties so as to show that 
each receives a valuable (?) consideration. In the author's opinion, such 
a practice' is mc'rc' humbug and unworthy of adoption by any man pre- 
t('nding to scie'iitific attaiimients in his profession, no matter whether 
that profession be law or engineering. Its adoption is priina facie evi- 
dence of weakni'ss in the document and a confession by its writer that 
h(^ has faile'd to make evident the true consideration that each party 
is to r('(*(‘ive and the real reason for each party's entering into the 
agree'iTK'iit. 

Tliere may be some excuse for passing the dollar in c:ise of a parent 
deeding propc'rty to his child, whc*re the true considcTation is love and 
affect ion; but a dollar does not constitute a real consideration — it would 
be insuflicit'iit usually to pay the cost of typewriting the document, hence 
its employment is a fiction and a farce. 

Eighth. No portion of the work of contract WTiting requirc's greater 
experi('nc(' and ability than the* forecasting of all jx^^sibh^ ('veiitualities 
that would mat('rially afb'ct the agreemc'nt and the propt'r provision for 
what is to be done in the case of each ('ventuality. All contracts are 
more or less faulty in this particular, for it would n'cpiire omniscience 
to forecast all futun' happenings; nevertlu'k'ss, in pn'paring an impor- 
tant contract ono should end('avor to foresee and provide for all possibili- 
ties and probabilities. The lawyer or engineer who makes a practice of 
giving this important matter full consideration in everj" contracjt that 
he writes will soon find himself in demand I)}" (lapitalists to aid them in 
making thc'ir inv(‘stiiu*nts and in consummating their enterprises. 

Ninth. The matter of penalties is one that has to be handled with 
glov('s, for the law is very jealous of its rights and prerogative's, and deems 
that it alone is authorized to specify and ('nforce^ a penalty, which it in- 
terprets as a punishment for failures to pe'rfonn or comply with tluj t(*rms 
of an agreement. On this account it is ])etter not to use the term “pen- 
alty" in any contract, but to employ instead that of “liquidated dam- 
age's." The author has a clause in construction spe^cifications that reads 
as fe)lle)ws: 

“For ('ach day of delaj' beyonel the date se't in the e!e)ntract fe)r com- 
pleting the entire work he're*in enitlineMl, all in aea;orelance with the plans, 
specifications, and elire'ediems of the; Engine;e'r, the (\impany shall Avith- 
holel pe'rmaneaitly from the (kmtractor's total compensation the sum e>f 

elollars; and the amount thus withhe'lel shall not be exmsielered as 

a pe'Tialty, but as liquidateel damage's, fixe;el anel agre;e'el to in aelvance by 
the ce)ntracting parties as a proper ceimpe'nsation to the Company for 
the loss cause'el hy such delay." Licpiidate;el elamage;s are but seldom en- 
forced, e)wing mainly to the characte;ristic goexl nature e^f engineers; for 
they oVqect to taking aelvantage of a contractor who has worked faith- 
fully but has been unfortunate;. Again, the; fact that the sympathy of 
jurors is generally with the; we>rking man and against corporations is a 
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reason why disputes involving the retention of money to compensate for 
delays are generally settled out of court. 

Tenth and Eleventh. In most contracts for construction and in some 
other types of contract there is no need to provide for a possibles abrogation 
of the agreement, because the completion of tlui work involved is a nat- 
ural cancellation; but in some other types, such, for instance, as partner- 
ship contracts that continue indefinitely, full detaiknl provision should be 
made for annulment at any time. Gniat care should be exercised to 
describe fully how all current business matters are to be closed and what 
compensation is to b(i paid to the other party or parties by th(^ partj'^ who 
desires the said cancellation. To do this in a satisfactory manner will 
require business knowledge and ability of the higlu^st order. 

Twelfth. It is quite important in many contracts to state where the 
instrument was ex(Uiuted and wh(‘re it is to 1x5 put in forex?, notwithstand- 
ing the fa(;t that the nisidemee of each party in case of individuals or the 
state of organization in ease of corporations has be(?n descrilxxl in the 
introductory (jlaiise of tl e doeximcnt. The laws govcTning a contract 
may be detcTmin(?d by the idace where the (xmtract was made or by 
that in which it is performed. Wait treats this qiK'stion very thoroughly 
on pages 49 to 51 of his ^‘Engineering and Archit(»ctural Jurisprudence. 

Thirteenth. Me'thods of making payments under construction eon- 
traejts are generally covered in the specifications, where tiny properly 
belong. In all other tyjM^s of contract in which payments of money are 
involved, full provision should be arrang(?d for the exact manner in which 
all payments, both partial and final, are to b(' made. This remark ap- 
plies with special forc(? to contracts involving engineering f(?es; for in 
these, if payments on account are not arranged for, there is a (?hance that 
the enginc'ers will receive no compensation at all until after th(‘ compki- 
tion of th(*ir work, and this might be d(?lay('d for an indefinite period. 
The author’s usual practice is to ask one-half of liis fee upon the com- 
pletion of the plans and specifications and the otluT half in monthly i)ay- 
ments i)roportionate to the amount of contract work done on tlu? con- 
struction, so that when the latter is finished he shall have been paid 
in full. 

Fourteenth. In construction contracts the sul)ject of extra pa3'ments 
also belongs in the specifications, although in man>^ cases it is covered 
in the contract proper. The author’s standard clause for this item reads 
thus: 

‘‘No extras will be allowed, unless they be ordered in writing by the 
Engineer. For c'xtras so allowed the Contractor will be paid the actual 
cost to him of mat(?rials and applied labor, plus twenty (20) per cent for 
profit. Satisfa(!tory vouchers will be required from the Contractor for 
all extra labor and materials. No allow'ance will be made for supiTin- 
tendcnce. insurance, or any other indirect c'xpc'nse.” 

Fifteenth. It is a wise precaution to provide for making changes in 
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every important contract. The author^s standard clause for this item 
is as follows: 

“No cliange or alteration shall be made in the terms or conditions 
of this agreement without the consent of both parties hereto in writing; 
and no claim shall be made or considered for any extra work, unless the 
same shall Ix' aulhorizeil and directed in writing by the Engineer. 

Suiernth, In construction conlracts tlu^re should always be a clause 
to govern assigning the contract and sub-letting the work. The author’s 
standard clause for this reads thus: “The party of the second part hereby 
agr(*(»s that it will not assign or sub-let the work covered in this contract 
or any portion of it, without the written consent of the party of the first 
part; but will keep the same within its control.” 

Sevc?itceNth. In n^spect to j)rovision for settlement of disputes, engi- 
neers are sonu'what at variance. Some think that the engineer should 
be the sole arbiter, but such an arrangement is not just, savoring, as it 
does, altogether too much of autocratic rule. Arbitration is by far the 
best method of settlement of all disputes on important matters. The 
author’s cL-uise for this item is as follows: “The decision of the Engineer 
shall control as to the int(Tpretation of drawings and specifications dur- 
ing the execution of the work under them; bui if either party shall con- 
sider itself aggrii'ved by any decision it may re(iuirc the dispute to be 
finally’' and conclusively settled by the decision of three arbitrators, the 
first to be appointed by the party of tlie first part, th(' second by the party 
of the second part, and the third by the two arbitrators thus chosen. In 
case that the two first chosen fail to agree upon a third, the latter shall 

be appointed by By the decision of these three 

arbitrators or that of a majority of them, both parties to this agreement 
shall be finally bound.” '^fhe person chosen to appoint the third arbitrator 
shouhl be sonu* prominent official, such as the judge of a certain court, 
the mayor of a certain cit}', or the governor of a (certain State. It is sel- 
dom that an arbitration clause in a contract is utilized, because engineers 
as a rule are reasonable. 

Notwithstanding the fact that the contract reads that “By the de- 
cision of thes(^ thn'o arbitratoi's, or by that of a majority of them, both 
parties to this agreement sliall be finally bound,” the law has decided 
that the losing party has stilt a riglit to appeal to the courts; consecpiently 
this clause of the contract is not absolutely binding. It would simplify 
matters if immediately after an arbitration is agreed upon, each party 
concerned were to give to the other a bond guaranteeing that he will 
abi<le by the decision of the arbitrators. 

Kifjhtpenth. The bonrl (piestion is a prominent feature of any con- 
striujtion contract, and occasionally is important in other types of con- 
tract. The author has finally come to the conclusion that a good Surety 
('oinpany bond is tlie only kind that he shall either ask for or accept in 
future, for no other kind is so satisfactory to the Company or is obtained 
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with so little difficulty by the Contractor. All personal bonds are ob- 
tained by favor, and they are generally very unsatisfactory; for the 
solvency of the sureties is difficult to prove, and to enforce payment 
is still more difficult. There is considerable humbug in connection with 
sureties to agreements, for a slight change in contract, plans, or spcicifi- 
cations is often sufficient to render the l;ond null and void. If anyone 
doubt this statement, let him read what Wait says on pages 13 to 17 of 
his ‘^Engineering and Architectural Jurisj)rudence/’ In the author's 
opinion, the only way to protect the Company is to insist upon having 
a bond that will permit of all necessary changes in i)lans and specifica- 
tions without releasing the surety, and even such a bond might be voided 
by the law's declaring it illegal because it departs from current practice. 

Nineteenth. If, accrording to a contra(;t, the Contractor is to indem- 
nify the Company against all liability or damages on account of accidents, 
it is only fair that the former should })e given th(i privilege of assuming 
the sole defense of all lawsuits arising from such claims. 

Twentieth. Tli(‘ manner of defining by special (flauses names used in 
the contract, such as “ Engineer," Compan}^" etc., will b(^ seen in tla^ 
appendc'd exami)le of a contract. 

Twcntii-Jh\sL A contra(*t can be dated either in the opening or in 
the final clause, or in both. In the latter case it is better not to rc'peat 
the date, but to insert the scmtence “Dated the day, month, and year 
first herein written." 

Twenty-second, it is important that the signature's coincide exactly 
with the names of the parlies as given in the opening clause of the' agree- 
ment, and that proper seals are attachc'd when they are needcMl. If a 
party to a contract be; a corporation its corporate seal should lx* usc'd, 
but in the case of an individual almost any kind of a sevd will sufiicci — 
either a wafer or the w'ord “seal," with a scroll drawn around it with ])en 
and ink, being commonly used. In the latter case* it is better to write in 
smaller letters the initials of the signer ov(t the word “seal.” There is 
an important and fundamental difTerence between contracts with and 
without seals. The forni(*r do not neetl to have a consideration men- 
tioned in them in order to make them valid, while the latter do recpiire 
such mention. In former times there was far grc'ater dilVc'ieiux' in the 
importance of sealed and parole (or uns('aled) contracts than there is today; 
for then a sealed contract couhl not be modified without taking many 
formal legal steps, while today it can be chaiigiHl quiti' n'adily by a short 
supplementary contract, provided there be a proper consideration men- 
tioned therein for the making of the change. 

Twenty-third. Where the part}" to a contract is a corporation, the 
proper witness to the Company’s signature is the Secretary of the Com- 
pany, who should use its coriiorate seal for attesting (he document; but 
in case the party is an individual, any witness will suffice. The best pos- 
sible witness to signatures is a proi)erly authorized notary public; be- 
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cause if any doubt be expressed concerning the authenticity of the said 
signatures, all that is necessary is to prove the notary's authority, which 
is a matter of public record, while for all other witnesses it is obligatory 
to search for them and either protluce them in person or prove that it is 
impra(^ticable to do so on account of death or departure from the coun- 
try; and in this cas('. it is generally required that there be brought forward 
reliable parties who will swcvir that the witnesses' signatures arc authentic. 

The following is the form of contract that the author appends to con- 
struction specifications: 


of 


CONTRACT 

Memorandum of Aoreement, Made anti signed this day 

10 . . . . , at by and bef ween 


the party of the first part, and sonietimos ti'niicHl in tliis agn'einent and in the specifica- 
tions the “Company,” and 


the party 

of the second part, and sometimes termed in tin's agreement and in the specifications 
the “Contractor.” 

Whereas, 


Now THIS AOREEMENT WITNESSETH: 

First. — The piirty of the s(*cond part, for and in consideration of certain payments 
to be made to it as hereinafter specified, will 


all in accordance with the plans and specifications hereunto annexed and made a part 
hereof, and will fully finish and complete the siime by 
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unless, in the opinion of the Engineer, the party of the second part be delayed or pre- 
vented by circumstances that are absolutely beyond its control. 

Skconi). — ;The party of the second part shall start the work of construction as soon 
after the signing of the contract as it is practicable to begin, and shall push the saiiio 
to completion as rapidly as possible. 

Third. — All important dimensions «and characteristics of the structure arc fully 
described in the accompanying draw'ings and specifications, which form a part of this 
contract. 

Fourth. — In consideration of the performance by the party of the sc^exmd p:irt of its 
covenants and agreements, as hereinbefore set forth, th(? party of the first part hereby 
covenants and agrees to pay the party of the second part as follows: 


In Ciise that there be any ol.li(»r materials furnished by the (Contractor that are not 
included in this list, they shall he paitl for on the basis of actual cost to th(» (,'ontractor 
plus twenty (20) per cent for his profit, it being understood (as statetl in the ‘‘Tn- 
classified Work*’ clause of t.h(' s])ecifi cations) that no indirect expenses of any kind will 
be allowinl in computing the cost of such maicTials. 

It is understood that no payments, either partial or final, are to be made for any 
material which is to be used for falsework or plant and that, payment is to be made 
only for inaterijils which are left permanently in the finished struct ur(» and form a part 
of it. In order to accommodate the Contractor, however, the Kngineer may, at his 
discretion, allow temporary partial payments in advance of the permanent work as 
materials for plant and fals<*work are eiiiployiMl, but the Contractor shall have no right 
to demand sin^h compc'nsatioii. 

Fh-th. — The schedule yirices to b(‘ c‘fnploye«l in making jiartial payments for all 
work as it ])rogresses an*, to Im* determine* I by the Engineer. 

Sixth. — All material paal for by th*j party of the first, part shall be deeiiK**! to have 
been delivere<l to ami to have become the property of the said first party, but the 
party of the si'cond part hereby agnH*s to store it ami to becom*' responsibh* th('n*fc>r 
during the continuance of this agreement. If any of it be damag(*d, ch'stroyed, or lost 
from any cause, including, among others, floods, washouts, and fires, the Contractor 
shall repair or re])la(M' the same at his own expense 1*' the satisfaction of the h'ngineer. 

Skvknth. -In case the party of the first part, notwithstanding the failure of the 
party of the second part to comidete its work within the time specified, shall ])ernnt 
the said seianid party to ])rocei'd, and c’ontimie, and comphde the same, as if such time 
ha<l not laps(*d, .such permission .shall not be dmned a waiver in any resj)ect by the first 
party, of any forfeiture or lijibility for dtamagc*s arising from .such non-coniplction of 
said work within the time .specified, and covensl by the “LupiidaliMl l):image.s” clause 
of the specifications; but such liability shall continue in full force against the .said second 
part.y, as if such ])ermission had not. bwn grantcnl. 

Ekihth. — No change or alteration shall be made in the terms or conditions of this 
agreement without the consent of both parties hereto in writing; and no claim shall 
be made or considercMl for any extra work, unl(*ss the same shall be authorize**! ami 
directed in writing by the Eiigin('**r. 

Ninth. — In the ev**nt of any tlelay in completing the* we)rk embraevel in this con- 
tract, the party of the secemel part shall be e*ntitle'*l t*) no extra **omy)e*nsation on account 
of such delay; as it is he*re'by :us.sume**l that in submitting its ti*ml<*r it te)e)k its chaiuTs 
for the (>e!e!urre»n*!e of .such ele*lay. If, howe*ve*r, in the e)])inie>n e>f the* hhiginevr, the Con- 
tractor be elelayesl by any aert of the* Company te) sue*h an e'xle*nl as te) **a.use him se'rious 
hanlship, such as a tempeirary ce's.s:ition of the* work, the* C^e)m])any shall allow the 
(Contractor whatever compensat i*)n feir such eielay as may appe'ar to the Kngine*e'r 
to be just ami equitable. 

Tenth. — ^T he party of the s(*c;onel part, hereby agrees t luit it will not assign or siible*t 
the work covereel in this eemtract, eir any |M)rtion of it, withenit the written consent 
pf the party of the first part; but will keep the same within its control. 
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I^iLEVENTTi. — The decision of the Engineer shall control as to the interpretation of 
drawings and spocifiealions during the execution of the work thereunder; but if either 
party shall coiisaler itself aggrieved by any decision, it may require the dispute to be 
iinally and eoiiclusivt'ly st'tlleil by the decision of three arbitrators, the first to bo 
appointiMl by the party of the first part, the second by the party of the second part, 
and tlie third by th(' two arbitrators thus chosen. In case that the two first chosen 

fail to agriH* upon a third, the latter shall be api)ointcd by 


By th(' decision of tlu'se three arbitrators, or by that of a majority of them, both parties 
to this agn'einent sluill be finally bound. 

Twki.ftii. — As, according to the terms of the accompanying specifications, which 
form a part of this contract, the party of the second part is to indemnify the party 
of the first part against all liability or dainagt^s on ac'count of acc*idents occasioiKHl by 
the omission or negligence of itself, its iigents, or its worknuai, during the continuanc.c 
of this agreeiiHMit, and against all (‘hums for royalties on patents; it is hereby agreed 
that the party of the second ])art. shall be promptly and duly notified in writing by the 
party of the first jiart of the bringing of any suit or suits, and shall lx* given the option 
of assuming the sole defense tlu'n'of. It is also agrcHnl that the party of the second 
part is to pay all judgments obtained by rc'ason of accidcMits or patents in any suit 
or suits against tla* party of tlu' first part, including all legal cost.s, (iourt expenses, 
and otluT like expense's. 

Thirteenth. — TIk* (Contractor furtlu'r agrc'es to give' to the Cennpany a surety- 
company bond, satisfactory to the jiarty of the first part, in the sum of 

for the faithful performance of this contract and 

the specifications, and of all the t('rnis and conditions tlu'rein (iontained, and for the 
prompt payment for all materials and labor used in tlu* manufacture and construction 
of th(' structures, an<l to protc'ct and sav(' harinh'ss the (’onipany from claims on patents 
and from all dainag(*s to persons or property causcMl by tlu' n('glig(*iice or claim of 
neglig(Mic(i by the ( ‘ontractor, his ag(*nts, s(‘rvants, or emi)loy(M‘s in doing the work, or in 
connection therewith, and from injury to or loss of mat(‘rials paid for by the Company 
eitluT partially or in full before the (*ompl(‘tion and a(T('ptan(*(' of the construction or 
constructions. In case the contract covers only the manufacture of the superstructure 
metal, no bond will be required. 

FontTEENTH. — 'riie word “Kiigiiu'cr*^ as used in this contract refers to the Con- 
sulting Engineers of the 


or their duly authorized repn'sentative. 

In wiT\hs.s WHEREOF, th(‘ parties to this agnjeinent have hereunto set their hands 
and seals. 

Datial the day and 3'ear first herein written. 

Witnessed by 


In concluding this chapter there arc a few general matters of impor- 
tance to which the reader's attention is called, especially as they are 
often ignored in the preparation of contracts. 

Xo erasure with a knife, rubber, or other similar instrument should 
be made in any legal document, but if a mistake has occurred, it should 
be lined out in the cas(i of handwriting and crossed out with a close repe- 
tition of the letter x in the ease of typewriting. Corrections like these 
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must evidently have been made while the document was being trans- 
scribed and before it was signed, while in the case of an erasure no one 
can say what was originally written, or that the correction was not made 
after the signing of the document. As a matter of precaution, it is ad- 
visable to have each signer of a contract initial on the margin of the page 
on which it occurs each corrc(;tion that the document contains. This will 
show conclusively that all the interested parties concurred in making the 
changes. However, if a draft of an agreement contain many such cor- 
rections, it is better to have it recopied before obtaining the signatures. 

Theoretically every contract should l)c written on a single page, for 
otherwise what is there to prevent a dishonest person from removing all 
the pages except the last and rej)lacing them with similar pages contain- 
ing matter prcparcMl in his own interests? Some people) meet this objec- 
tion by pasting together in one continuous piece all the sheets of the 
document and marking in red ink on the joined parts a waved line that 
passes alternately from one sheet to the other. Others take the precau- 
tion to have all the partk's to the agreement initial each j)age of the bound 
sheets. The manifolding of typewritten documents is a fairly good means 
for preventing the making of fraudulent changes in such papers; but in 
case that all the copies but one are destroyed, this check would become 
inoperative. 

('ontracts executed on Sunday are ilk'gal. They may be agreed upon 
and drafted on Sunday, but to l)e valid they must be dated and signed 
on some other day of the week. 

It is always advisable to let a contract ‘‘get cold'^ before signing it, 
i.c., it should be set aside for at least one night and read over carefully 
the next day by all tlic parties in order that each may make sure that the 
document cxpross(\s exactly in every j)articular what has been agreed 
upon verl)ally, and that there is no clause in it prejudicial to his inter- 
ests. By giving the mind a rest one is often able to comprehend a docu- 
ment more clearly, and thus save himself or his clients future trouble or 
pecuniary loss. 

After an engineer has prepared a contra(!t and has added all the fin- 
ishing touches to it, he should submit the draft before it is signed to a 
competent lawyer for his comment. This is better than letting the law- 
yer draw it in the first place; and although a conipetcuit engineer can draft 
an engineering contract better than any lawyer, nevertheless an indepen- 
dent check is necessary for any. important document, and who so compe- 
tent to check a legal paper as an attorney! 
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UEPOUTS 

The preparation of reports, like that of estimates, is one of the most 
important and responsible classes of work that an engineer is called upon 
to perform. It involves not only a wide engineering experience but also 
sound judgment based upon a practical knowledge of business affairs; 
and no inexperienced engineer need e.xpect to be entrusted with the making 
of reports of any great consequence. 

The reports that bridge engineers are usually called upon to prepare 
may bo included under four heads, viz.. 

First. Reports on conditions of old structures. 

Second. Reports on values of existing structures and their earning 
capacity. 

Third. Reports on projected structures. 

Fourth. Reports upon plans, uiwn errors and defects in existing 
structun's, and upon methods of construction, either proposed or in 
progr(‘.ss. 

Many such reports have to deal not only with bridges but also with 
allied constructions; hence the nec('ssity for a bridge engineer to be 
posted on other lines of engineering than his specialty. For instance, in 
connection with many bridge projects then; are railroad, stnn't railroad, 
or highway approachc's, station-houses, power-houses and plants, termi- 
nals, train-sheds, .steam or electric machim'ry, and interlocking plants. 
These adjuncts comjdicate greatly the; reporting uix)n bridge projects, 
and render neces.sary either a very broad exi)erience on the part of the 
engineer or the calling in of outside expijrt a.ssistance. Generally speaking, 
the more experienced an engineer is in his own specialty, the more likely 
is he to call upon engineers in other lines to aid him on those {)ortions 
of his practice in which he does not consid(*r himself an authority; con- 
sequently the making of an important engineering report is often the 
joint effort of two or more engineers who specialize in different lines. 

The question of what .should and Avhat should not entcT into an en- 
gineer’s report is contingent upon .several imiwrtant considerations. In 
the first plact;, it will dc;pend ujwn who the person is to whom it is ad- 
dressed. If he be an engineer or a man fairly well posted on the matters 
tn'atcd, the style of the report may bo quite technical; but otherwise it 
should Im; VTitten specially for the layman; and each reference to en- 
gin(H;ring matters which it contains should be simple and clear, so that 
any one of ordinary intelligence may understand it readily. In the sec- 
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ond place, it will depend upon whether the report is to be published or 
not. If it is, a formal and strictly correct style, which is not essential 
in a document of a personal character, will be retjuired. In the third 
plac(5, it will depend upon who its principal readers arc likc^ly to be and 
how interested they arc in the project, for if tlu'y an', busy men in other 
lines of work, the report should be as short and concise as practicable; 
but otherwise it may be made (juite full in detail. In any case, though, 
the text should sti(;k closely to the matter in hand, and should be made 
no longer than is n'ally nec(issary to accomplish the desired purpose in 
the most effective maniKT possible. 

All n'ports should be written in some logical sequence so as to hold 
the interest of the n'ader and prevent its flagging until th(^ last word has 
been perused. This s('quence may be that of time, that of importance, 
or that of some special consideration peculiar to tlu^ subject und('r dis- 
cussion. 

It almost goes without saying that al)solut(i integrity is a sim qua 
non in the preparation of any report. Tlu^ writc'r should take grc'at care 
to maintain constantly a fair, judicial atlitiuh' in order that his advice 
may not be colored l)y his d(\sire ralln'r than by his judgiiK'nt, and to 
ensure that all favorabh' and unfavorable (jonsiderations may receive 
th('ir j)roper weight. A too favorable report may lead (*li('nts into an 
uiii)rofitabl(' investiiK'nt not only to tlu'ir ultimate (h'triment but also to 
that of tluj engine(*r; while, on the other hand, a pc'ssimistic report may 
pnivent the ]:)r()fitable emi^loyinent of capital. 

A masterly styles of composition and a fine (*ommand of language go 
far toward making a n*port succc'ssful; but tlu'sc* dcaidemta cannot be 
attained without a thorough training in the study of one's own tongue. 
Technical writings, in order to ])roduce the Ix'st possible eff('ct, should 
be characteriz('d by vigor, conciscaiess, fliu'ncy, powTr, logic, s('ductiv('- 
ness, and the capacity to retain interest. Without these attributi's en- 
ginc'cring reports are liable to fail more or h'ss in their i)uri)ose. Con- 
C('rning th(^ iis(*fuln('ss to an engineer of a command of his own language, 
the reader is refc'rn'd to a pa])er on ^‘The Valiu' of English to tlu' Tech- 
nical Man,” by John l^ylc Harrington, Esq., Consulting Engineer, which 
was (h'liven'd as an address to tin; students of several ('iigiiu'eriiig schools 
early in IDOfl, and was publishi'd soon after in pamphlet form and (lopied 
widely by the U'chnical i)r(*ss. It is to be found also in a book entitled 
“Addresses to Engineering Studc'nts,” edited b}' AV'^addell and Harrington. 

It is by no means easy to outline w^hat reports on bridge matters 
should contain and how the various questions involved should be treated, 
because there is no great similarity between tluj cast's which arise in an 
engineer's practice; but by dealing separately with each of the four pre- 
viously mentioned types, there may be given a few general ideas that 
will prove of value. 

In reports on the condition of existing structures, one should mention 
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the location and describe the characteristic features of each bridge ex- 
amined, should t('ll what was the live load used in figuring its strength 
and its ability to carry existing loads, should mention the specifications 
adopted in ch'tc'rmiiiing its actual capacity, should point out all weak- 
nesses discov(Ted and state their gravity, should advise whether the bridge 
is to be retainc'd (('ither with or without repairs) or condemned, and 
should describe fully what must be done to it in order to make it safe 
as long as it nmaiiis in scTvico. A speed limit should be set, if deemed 
advisable; and an estimate of cost of repairs (if any are to be made) 
should usually be includi‘d in tlu? report. 

In r(»ports on the value of existing structures and thc'ir earning capa- 
cities one should give a full descrifition and a history of the structure 
under considc'ration, should state its carrying capacity and its ability or 
otherwise to transport both the loads to whi(;h it is subjected and those 
which are liable to cross it in the future', should (\stimate on its probable 
life and the cost of future repairs, should indicate what an entirely new 
structure to carrj' modc'rn liv(i loads would cost, should give a detailed 
statement of present and probables futurci annual costs of maintenance 
and operation, and should show the present earnings and how they are 
likely to be increasc'd or diminislu'd in the future'. If the enginee'r know 
the price asked for the structure, he should giv(^ his opinion as to its fair- 
ness and as to what the bridge is reall}" worth. In short, he should ad- 
vise his clients fully in every particular about the proposed purchase or 
sale of the structure', stating clearly and uneciuivocally all the p7vs and 
C 071 S so that they may l)e fully informed concerning everything of im- 
portance in connection with th(^ pc'iuling negotiation. 

In reports on projected structures one should describe fully the site, 
the character of the proposed construction, and all conditions aflfc'cting 
the design, l)uilding, and operation of the bridge'; should submit detailed 
estimates of first cost, operation, maintenance', rc'pairs, depn^ciation, and 
revenue;; shoulel tre'at of the feasi!)ility of the* pre)je;ct from all points of 
view, anel sliould summarize; by making a clear statenie*nt of all favorable 
and unfavorable facte)rs anel l)y giving the resultant conclusion after these 
have be.'en pre)perly weighe*el and eligestfKl. 

In reporting upon elesigns pre'pari'd by other C'ngine'ers, one is placed 
in a rather elelicate position; be;cause, on the; one hanel, he must not 
vieMate prejfe;ssional ethics Ijy toe^ sewere criticism of the; work erf brother 
practitioners, anel, on the; othe*r hanel, he must saf(*guard his clients’ in- 
te;rests by pointing out clearly and unmistakably all the def(;e;ts that he 
may eliscover, anel he must not hc'sitate to express a decided opinion con- 
cerning the ff;asibility of the; de'sign or the aelvisalnlity of the project 
that it illustrates. Each case of this kinel as it arises must be settled 
upon its own merits, for no general procedure can be outlined in advance. 
The same elifficulty exists in rcj)orting upon alh'ged errors or defects in 
existing structures and upon methods of construction, cither proposed or 
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in progress; and the preceding remarks concerning the engineer\s duty 
in the case of reporting on designs apply in these cases also. 

As examples of the author's methods of preparing reports, the follow- 
ing, which were taken from his practice in 1907, are a good illustration. 
They arc almost verbatim copies, the only changes of importance being 
the names of persons and places, which good rejisons in this particular 
instance prevent publishing: 

Pearly in October the firm was consulted by Mr. I^lank, the general 
manager of a railroad company, about the r(‘i)lacing of an old and greatly 
overloaded bridge over the Minnehaha River. The old drawings of the; 
existing strii(;ture were submitt(‘d by Mr. Rlank as the basis of a prelim- 
inary estimate of cost for r(;building or replacing the bridge, it being un- 
derstood that a more a(;curate rc'port and estimate would follow later 
after some borings and other investigations w(Te made. The preliminary 
report, which was accompani(;d by a drawing, n^ads thus: 

“In accordance with o\ir promise, we have propare.d a layout and estimate of cost 
of a new bridg<» and ai)proaehes for the crossinK of your Minn(‘sota Midland Railway 
over the Minnehaha River at Carlsbad, an<l b(‘p to rei)ort as follows: 

“As you will see by th(» accompany iiig blue print, we havc^ made the centre line 
of the nc\v structure over tlu* main river parallel to that of the old structure, but two 
hundred fc'et farther up-stream. Starting from the West side of the main river, the 
abutment, and the first s(*v(m piers of the new' bridge are located rivspectivc'ly directly 
abov(5 tlie abutment, and the first sevem piers of the existing structure, but the* eighth, 
ninth, anel tenth e)f the ne*w pie‘rs are edmiit twe»nty-five (‘io) feet nearer to the* h]ast 
bank of the river than the? ce)rri*spe)nding piers e>f the i)re*sent bridge. The e)bjee*t e>f 
this e'hange of le)catie)n, as ,she)wn quite* clearly on the* drawings, is to pe*rmit the iu*w 
swing sj)an to be? e*recte*d em false*we)rk up and eleiwn stre'am without int(*rfe*ring with 
the operatiem of the old swing-span e)r with navigation. 

“As we* und(*rstaifel that the river is e*ncre)aching em the Kast bank at the bridge site, 
we have aelde*el a one hundred (l(X)) foe)t plate»-girde*r span at the Kast e‘nel, and have 
placeel it- upon a e*oncre*te* abutnie*iit resting e>n j)iles elriven to bed-re)ck. The* spans 
of the main rive*r bridge? e'ounting from We*.st te) lOast are as follows: Se*ven, e)pe*n- 
wcbbe?el, rive*te*d, througli, lixe*d spans of abemt two liundreHl and twe) (202) fe*e*t eae*h, 
one similar span e)f about two hunelrexl anel sewenty-six (270) feel, erne ope*n-we*bbeel, riv- 
ct(?el, through swing span e)f about three hundri*el anel sixty-two (.‘102) feet, and e^ne 
half-through, i)late-girele*r span ejf abemt one hundrcHl and erne* (101) fe*e't. All piers 
and abut.m(*nts are to be* eif concre»te, the piers re*sting on pnc'umatie; e*ais.sons e)f timbe'r 
anel cone*re*te sunk tobeil-rock, anel the abutments being support e'd e>n j)ile's driven to 
same. 

“For the bridge e>ve*r the Red Eagle Chute we have* aele>pted the e‘e*ntre line of the 
existing structure as the new ce*nlre lino e)f brielgo, anel have e'e)unte*d upem re'taining the 
old piers, if our subsc'quent examination e)f them pre)ve*s that tlu\v are either in satis- 
factory condition or can be put inte) sue?h, buiUling a. ne*w eumeTete* pieT on piles miel- 
way between each e)f the e)ld pie'rs, reine)ving the e*xisting spans, ami putting in half- 
through plate-girder spans insteael. We have ne)t. figure*el e)n eloing anything te> the? 
approache.s of the Red Eagle Chute brielge, fe)r the i*e*ase)n that we have? not. yet exam- 
ined the olel structure. It may be that we shall advise* building a short span at oae*h 
end and resting it on a (?oncn?te abutment, but our estimate eloes neit contain an alle>w- 
oiicc for such e?xtra construction. 

“As you will sec by the drawing, w'c have io'’'iwl the line of the new bridge: to the 



1576 


BRIDGE ENGINEERING 


Chapter LXX 


old lino on tlio Island by a lonjr, oiisy riirvo of one dcKTOC and forty-six minutes (1° 
4(V); an<l at tlio l^asl. end we have adopted a long curve of three degrees (3°) instead 
of the two curves of the existing lino. 

“In making the following estimate of cost wo have used current prices for materials 
and labor, but. liavo had to assume from the old blue-print profile that you furnished 
us an c'h'vation of b('d-rock wliicli we think is a])proximatoly correct. On account of 
the iiiu'cTtainty of the bed-rock data, this ostimatc; must, be considen'd as merely ap- 
proximate; but as soon as our Mr. Major completes the borings that he expects to 
start making next week, we shall prepare you a more accurate and a thoroughly reli- 
able I'stimatc of cost. W'e do not, however, anticipate that it will vary materially 
from this one. 

Superstructun* of Main Bridge, including Operating Machin- 


ery and House $33r,,(K)0.00 

Superstructure of Red h'agle C^hute Bridge S4,(XX).()0 

Substructure of Main Bridge 110,000.00 

Substructure of R. M. Chute Bri<lge 20,000.00 

Kmbankment, 4,(MK) lin. ft. at SIO.OO 40,000.00 

Small bridge in East Approach 13,000.00 

Draw Rost 10,000.00 

Removing two old piers 7,(XX).00 

Summation = $fi'B),(KX).0() 
Eiigiiieoring o per cent 31,0(X).(X) 


(irand total cost of structure = $050,000.00 

*‘We have assunn'd that the removal of the old spans will cost you nothing, as the 
salvage will at h'ast ofTset the cost. If, though, as we deem probable, the old metal 
be wrought iron, its value will be greater than the cost of taking it down. 

“TriLsting that this rejiort will meet with your approval, we nanain, 

V(Ty respectfully yours, 

Waddell & Harrington.” 

A montli lator th(‘ socond report previously referred to was sent to 
Mr. Blank. It n^ads thus: 

“On the ISth ult. we sent you a preliminary estimate of cost of your propo.s(»d bridge 
ovcT the Minnehaha Riv(T at Carlsbad, based on the old i)rofile furnished by the C(*n- 
tral Bri»lge (\impany and ujK)n the assumption that the “hard pan” shown thereon 
was a fit foundation for ])n(‘umatic (*ai.ssons. Again, since? we had not then visited 
the site with the idea in mind of nlmilding the bridge, w'e had to assume the required 
lengths of both the main structurt! and the bridge ov(*r tlu*. R(*d Eagk? Chute. On 
these accounts, as stated in our report, the estimates therein contained were subject 
to nwision after borings and other investigations were made. 

“As you know, Mr. Major has for some time been making borings; and on the 
2Sth ult. Dr. Waddell vi.sited the site and sUkUcmI the conditions tluTc. The results 
of Mr. Major’s borings up to date show that near the lOast shore tins so-(?allcd “hard 
pan” consists of a layer of blue (flay or gumbo thnn; (3) f(‘et thick, that near mid-stream 
it is hard(‘r and about fourtc'cni (14) feet thick, and that at a point opposite Pier No. 8 
there is no clay at all. Below the clay on thci East side th('re is first a stratum of quick- 
sand, then a layer of firm sand, followed by sand and gravi;l. -On this account we have 
had to abandori the idea of using the pneumatic process, excepting for the pivot pier, 
and have adopted instead foundations of long piles sunk by water-jets and e.xtending 
some twelve (12) fe(;t uj) into timber shells filled with concrete, the top of the shells 
being placed two (2) f(*et below low water lev(4. In (»rder to contain the requisite num- 
ber of pil(»s, the.se shells or boxes have to be inaile ctmsiderably larger than the pneu- 
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matic caissons previously upon. Thus both the increiuse of volume and the 

piles in the foundations augment the e(jst of thci piers. 

‘‘Again, we have had to figure on going seventy (70) feet below low writer with 
the caisson of the pivot pier instead of only about twenty (20) feid, as we did in the 
preliminary estimate. 

“The result of Dr. Waddell's visit l.o the siti* caused us to lengthen the main bridge 
about one hundred MOO) f(»et and the RchI Magic Chute structure about four hundred 
(400) fecit, provided that both bridges and the approachc's are made permanent in 
character throughout by rc'jdacing all woodciii trestle* with earth embankment and 
thus closing all the little openings on the* island and on both banks, which openings 
now permit the passage of wat(*r during the flood stages. 

“All the preceding modifleations have increased the cost over that in our pre- 
liminary (istimate; but we were fortunat(*ly able to make; one change that rc'duced 
the cost over sixty thousand dollars ($G0,00().(K)), viz., by raising the* grade* of the Red 
Kagle (yhute Bridge and adopting sixty-six ((>0) foot ele*ck instead of one hundred and 
one (101) foot lialf-through plat c*-girdc*r spans. 

“The following is our re'vise?d c'stiinate of (*ost of a single; track bridge, counting 
from the abutmc*nt on the East shore to the abutment on the* mainland of the We\st 
shore, and including the earth embankment over the island, as well as a small span 
in the l^ast approach. 


Superstructure of Main Bridge*, including OpeTating Machin- 
ery and House S.‘U2,000.()0 

Supers! nurture of Bed Eagle (luite Brielge r)S,r)(K).(X) 

Substructure of Main Bridge 171,(KK).00 

Substructure of B. K. ('Iiute Brielge* GdjoOO.tK) 

Embankment 31 ,(KM).00 

Small bridge in East .Vpproach 13,(X)0.()0 

Draw’ Protection 10,(KK).00 

Removing two old piers, 7,(XK).0() 


Engineering 5 per cent 


Summation = §(»S7,()0().()0 
3r>,0(X).()0 


Grand total e-ost of structure = IJ722,(K)().00 


“This show’s an incre’ase ove*r our pivliminary c'stimate amounting to S72,()tX).00, 
which is not excessive, considering the* facts tlmt we have* had to adopt more e*xpen.«5ivei 
foundations and that w’e have increased the total length of brielge* abesit five huiielrcd 
(fjtX)) fe*et. 

“During your intervie*w’ w’ith Dr. Waelelell on the ev(*ning of the 201 h ult. you 
request e*el us te> make fen* yeai some e*stimate*s e)f cost e)f the pre)pe)se*el ne‘w brielge em the 
basis of building the ])ie*rs for future ele>uble-tr:ie*king. In compliance with that re*- 
quest, we have maelc an exhaustive study of all the prae-t ie-able me'thods of building 
at first a singlevtraerk superstructure and late*r substituting fe>r it a elouble-track siipcr- 
stnic.ture. 

“We consieler it exceedingly bael practice to loael i'cce'ntri(*ally any more than i*an 
be avoieleel brielge pi(*rs that rest on pile femnelatie)ns; t)i(*refore* we* have figuri*d on 
first placing the single-track spans symni(»trically on their suppeuts, then moving them 
laterally when the capacity of the brielge is elouble'el. 

“The following is a list of what w’e eleem to be all the practicable met hoe Is of build- 
ing the structure first for a single line of raihvay and afli*rwarel eidarging it. for a ele)iible 
line. 

Method No. 1. Build the piers long enough now*^ to carry tw’o singliMrack supe'r- 
structures spaced as closely as possible, with a singk^track sw’ing-span that has to be 
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reniovod entirely in fufiin? aiicl replaced by a double-track swing-span. This 
method woulil be necessitatetl by the Inability to stop all river trafFic long enough 
to put longitudinal falsework under the old span, take dow^l the said draw, erect the 
new' sw'ing-span, ami rc»mov(i the falsewtirk. In your case you generally can count 
upon just, siiflieient time to do all this, but in (fcrtain seasons the ice does not form 
enough to stoj) the steamboat traflic. 

“ Mcihotl So. 2. Build the piers long enough now' to carry two single-track super- 
structures, with a double-track draw'-span of the requisite extra w'idth, but omit tem- 
porarily the tw'o outer rows of stringers. 

“This inethoi.! is also suited to the conditions mentioned for the first case. 

So. 11. Build the piers long enough now' to carry two singhvtrack super- 
stmctiin's, and aiTaiige to move the singhvtrack draw'-span to one side on the drum 
and to build a duplicate tlier(*(»f Inside it. This im^thod could not be adopted unless 
the steamboat traflic were stcqiped. 

**Mclhoil So. 4. Build the piers long enough now' to carry two singhvtrack super- 
structures, and construct tlie draw-sinin according to ^^'addc'l^s patc^ntcHl method of 
transforming single-track s])ans into double-track spans. This method, w'hich will be 
explained fully lat(T, will not interfere at all with river navigation. 

Mvthod So. o. Build piiTS nearly but not cpiitc* as long as in the prectMling (!ases 
and the entire superstructure according to Waddell’s method just mentioned. The 
erection of this tyi)e of structure would not intj'rfere w'ith navigation. 

“Wmldell’s patent ('d metho<l consists in spacing all the stringers eepiidistant, leav- 
ing out temporarily the two out it lines of stringers and arranging to swing them easily 
into plac(» afterward, building tin* floor-beams for thi* doubhvtrack loading, (h^signing 
the trusses for single-track loading, and arranging to place outsah^ of thi'in in the future 
duplicate truss(\s conn(*(!ted to the old ones vt*ry rigidly by diaphragms. The new 
trusses w'ouhl be erected without falsework by a small overhead traveller and by iKMMlhv 
beams susi)eiuled Ixmeath the fhK)r-lM‘ams, and they w'ould carry their coiTcct share 
of the load w'hen properly connect (*< I to the old on(‘s. 

“The following are our <*.stimat(\s of cost of the structure over tluj main channel 
only, exclusive of the engineering, by each of the five sugg(;st(;(l methods of construction. 


Method Xo. I 


Superstructure 

Substructure 

Original Coal 

$:142,(KX).(K) 

322,00().(X) 

Fiiml Cost 
$7r)9,(XX).(X) 
322,(XX).00 

Total = 

§;(>04,(KX).0() 

$1,0S1,(XX).00 


Method No. 2 


Superstructure ..... 
Substructure 

Original Cost 

$4()!»,()0().(H) 

322,000.00 

P'inal Cost 
$0.;7.0(X).00 
322,000.00 

Total = 

$731, 000.00 

$979,000.00 


Method No. 3 


Superstructure 

Subst ructure 

Original Cost 

$.342,0(X).(X) 

322,(XX).(X) 

Final Cost 
$702,000.00 
322,000.00 

Total = 

$OG4,OUO.OO 

11,024,000.00 
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Method No. 4 

Original Cost Final Cost 

Superstructure $361 ,000.00 $664,0(K).00 

Substructure 322,000.00 322,000.00 

Total = $683,0CX).00 $986,000.00 

Method No. 5 

Original Cost Final Cost 

Superstructure $:177,000.(X) $G05,0(X).(X) 

Substructure 308,(XX).00 30S,(XX).00 

Total = $(>Sr),000.(X) $913,000.(X) 


the structure be built originally for double track, the cost would be as follows: 
Method No. 6 


Superstruct ure .$.'>66,000.00 

Substructure 297,fXK).(X) 


Total = .$S63,0(X).00 

“ Let us couipiire these methods so as to determine which is the best. 

‘Mf we assume tliat the rate of interest is 6ve (.'>) per cent compoundc»d, tin* follow- 
ing table will give Ww, trui* total cost of structure after it has been ri'built for double 
track at the expiration of certain t(*rrn.s of years. 


Total Cost in Thousands of Doli ^Rs of DouBi.Fi-TRAt:K Structure After 


Method 



5 Yrs. 

JO Yns. 

1,5 Yrs. 

No. 1 

i,2r>i 


1,797 

No. 2 

1,181 

1,439 

1,768 

No. 3 

1,207 

1,112 

1,740 

No. 4 

1,174 

1,416 

1,722 

No. .5 

1,102 

1,344 

1,6. 52 

No. 0 

1,101 

1 1,406 

1,791 


20 Yrs. 

2.5 Yrs. 

30 Yrs. 

35 Yrs. 

40 Yrs. 

. 

2, ITS 

2,665 

3,287 

*1,080 

5,072 

2,187 

2,723 

3,407 

4,281 

5,372 

2,122 i 

2.608 

! 3.230 

4,023 

5,014 

2,125 1 

2,616 1 

3,2.55 

4,071 

5,091 

2,045 i 

2,547 

3,188 

1,(X)7 

5,030 

2.290 

2,922 

3,729 

4,761 

5,0.50 


“ l*>om this table it will b(» seen that at the end of livv years it is a stand-off be- 
tween Nos. .5 and 6; that for ten, fifteen, twenty, twenty-five, thirty, and thirty-five 
years No. .'i is the most economical methoil, ami that, after about thirty-eight years 
No. 3 is the most (economic. Or, in other words, at th(! end of live ^.■)) years the cost 
of the double-track bridge and that of IN’adihdr.s special structun* an' the same, from 
five (.5) to about thirty-eight (.38) yeai’s the .special .structure is the mo.st economic of 
all, and after thirty-eight (38) years the method of du))lif*ating tlu' spans throughout is 
be.st. As there is pnictically no chance of there being any m'cessity for doubh'-tracking 
during the first five yi'ars, and jus the call for great I'r capacity will in all probability 
come before thirty-eight yc'ans, it is ovulent thjit WadileU's spi'cial stnicture is the 
best one to adopt. 

'^Assuming this to be the cjuse, the following table gives our estimates of total cost 
for the various cases that you will probably consider. 

“'Phere i.s another possibility that w’e have not yet consiilered, viz., that wdien 
greater capacity is required, it might be more economical to build another single-tnick 
bridge cither above <>r below the old one jvnd lus close to it as the War D(*])artm('nt ami 
the existing conditions will permit. The least allow’ablc distance between briilges is, ae- 
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Items 

Single-Track 

Structure 

Double-Track 

Structure 

Waddells 
Special 
Structure, 
First Cost 

1 

Waddell’s 
Special 
Structure, 
Final Cost 

M.'iin Rivj'r Bri<lg(' 

?r)13,0(K) 

.SSG3,000 

$085,000 

$91.3,000 

Red K-iglc C’hute Bridge. . . . 

IKVKK) 

202, (XX) 

144,(XX) 

204,000 

Kmbaiikincnt 

31,000 

40, (XX) 

31,000 

40,000 

Appniacli Spnn 

13.(XK) 

22.(XX) 

13,(XX) 

22,000 

Draw Brotcction 

10, (XX) 

17,(XX) 

1S,(XX) 

18,(X)0 

Removing old piers 

7,(XX) 

S,(XX) 

0,(XX) 

9,000 

Summation 

()S7,(XX) 

1,1.'53,(XX) 

<XX),(XX) 

1,200,()0() 

I’ngiiK'oring 

3."),(XX) 

.58,000 

52,(XX) 

(X),(X)0 

(irand Total 

722,000 

1,211,000 

9.52,000 

1,260,000 


cordiiij; to l:i\v ono-third of a iiiilo. 'Fhoro arc two objc'ctions to this mothod: first, the 
extra eost of the single-track embankment between the jimetions of the new and the 
old lines, wliich we may assunu' to be about one hundreil thousand (S1(K),(KX)); and, 
s(*cond, lilt* (*xtra expens** of operating two swing-spans, the capitalized eost of which 
would b(* about fifty thousand <iollars (S.>(),(KK)). 

“rpon these assum|)tions we have figured the total cost of obtaining the increasc'd 
capacity for trallic at dilTenait p(‘riods, aiul have recorded the results in the following 
table. 


Total Cost in Tiioi’sands of 1)oli.ars for lNrRF.ARBD Capacity After 


Type of 
Structuro 



o Yrs. 

10 Yrs. 

15 Yrs. 

1 

20 Yrs. 

25 Yrs. 

30 Yrs. 

35 Yrs. 

40 Yrs. 

Double 'frack. . . . 
Wadtlclfs Pat(*nt- 

1,517 

1 

1,071 

i 

‘ 2,520 

1 

3,216 

4,105 

5,329 

0,087 

8,498 

ed Structure. . . 

I 

i i,s(ir. 

! 2,293 

2,841 

2,787 

3, .538 

4,428 

5, .560 
4,855 

0,988 

Two Structure.^, . 

1 1,7!).-, 

j •J,()-1S 

j 2,373 

3,317 

3,992 

5,933 


“From this table it is evhlent that under no condition whatsoever would it be 
economical to build a doubl(‘-t rack structure at present, unless the traffic for it were 
plainly in sight; and that for seventeen (17) years the special type of structure would 
be most economical, after which two separate structures would be better, provided 
that theni b(* a goo<l and suitable location within a mile of the pnjscnt one. 

*‘In cas(‘ that you adopt the special type of construction and we prepare the plans 
for you, there would be no charge for royalty on account of Dr. Wadthdl’s patent. 

“Although our Mr. Major has not j^et finishcxl making the borings, the results 
so far obtained are sufficient to assure us that his compl(*te report will not greatly 
modify th(j above? (estimates of cost of foundations. And though these estimat(?s are 
not final, tliey will, w** trust, enable you to re:ich a conclusion at an early date regard- 
ing the type? of structure to build, an end which the condition of the present structure 
in our opinion, rendiTs urgently d(?sirabl(?. 

“You ask(‘d Dr. Waddell what are the probable amounts of money tliat you would 
have to spend from month to month on your proposcil new bridge?, provided that the 
work of constnietion be pushed as rapidly as i)ra(?ticable; and we have, therefore, 
made? computations from which we reach the following conclusions: 

“Assuming that on .January first you give us an onJer to procec?d with the prepara- 
tion of plans and specifications arirl to call for biels as soon as possible, the money to 
pay for a single-track structure would be requirerJ in about these amounts and times. 
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$30,000 Oct. 15 $170,000 

24,000 Nov. 15 80,000 

24.000 Dec. 15 30,000 

30.000 Jan. 15 62,000 

120, OCX) Mar. 31 7,000 

145,000 

Totals $722,000 

Please note Ibal ('sl-iinates are inadci on the first of each month and that the corro- 
responding payments beeonio due on the fifteenth of same. 'Fhc April payment in- 
cludes on('-lialf of the entire engin('ering fw, which, according to custom, is due upon 
the completion of the j)lans and specifications, the remainder biMiig paid monthly in 
proportion to the monthly estimate's for construction. The May, June, and July 
payments cover substructure only. Those for August, S('pt ember, and October in- 
clude' the elelive'ry of all the superstructure metal at site, as we*ll as substrueiture work 
anel the? e!e)mme'ne'e'me'nt e)f e're'ction f>f the span.s. The .Tanuary figure' is high be'e'ause 
it incluele's the re\se'rve'el tern (10) pe'r cent. The March estimate is for the removal of 
certain old piers, wlue;h we)rk e'anne)t. be elone until afte'r the new structure is in opera- 
tion anel after the olel spans are takem elown. We have maele no alle)wane•e^ for the 
cost of re'moving the old spans, ils tliis woulel be more than offset by the value of the 
metal t lu're'in. 

“The e‘e)rre*spe)iieling figure's for a single' track strue*ture' em e]e)uble; trae,‘k piers, with 
the awing span built aeje'emling to tlie patenU'd me.*thod are as fedlows: 


April 15 
May 15. 
June 15. 
July 15. 
Aug. 15. 
Sept. 15. 


April 15 

$41,000 

May 15 

42, (KK) 

June 15 

42, (MM) 

July 15 

54, (HX) 

Aug. 15 

14S,tKM) 

Se;pt. 15 

180,000 


Oct. 

15 


Ne>v. 

.15 

120, fXX) 

De'c. 

15 

34,(XX) 

Jan. 

15 

60,0(X) 

Mar. 

31 

9,(X)0 

Total = 



“The e*e)rre'spe)nding figure's for a single* track brielge* on elouble trae'k pie'rs, with the 
entire supe;rstrueture built accoreiing to the patented metliexl are as follows: 


April 15 

$4(),(XX) 

May 15 

41, (MM) 


41 (K)() 

July 15 

52, (MX) 

Aug. 15 

1.50,000 

Sept. 15 

1S4,(XX) 


Oct. 15 

2(»(,(MM) 

Ne)V. 15 

US, (MM) 

Dec. 15 

35, (XX) 

Jan. 15 

()S,0(M) 

Mar. 31 

9, (XX) 

^tal= 



“We have assumed January first as the best time to start your const rue'tiem, feir 
the reason that, by se) eloing you wenild be able to com])lete the ne'w bridge in t welve 
months. If yeai were to start at an unfaveirable^ time', it might require a little longer. 

“We trust that this re'port will make elear to you eve'rything in cemiu'ction with 
the economie;s e)f your crossing; but. if yeni elesire any further explanations or investi- 
gations, we shall be pleased to furnish them. 

“Very n*spee*t fully yours, 

“Waddell & Haiuungton.” 
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ADMINISTRATION OF CONSTRUCTION 

The method of lotting construction contracts at cost plus a percen- 
tage or cost plus a lump sum has been gradually coming into vogue in 
some of the large cities, but it is iievcT likely to replace the old-fashioned 
method of letting them in competition by contract at schedule rates. 
There is a good dc'al to be said on both sides of the question. The side 
of the advo(*atcs of the “Penfcntagc Method of Performing Difficult 
Work” was so well stated by an anonjTnous writer in Engineering News 
of October 10, 1891, that the author has <lc(;idcd to copy from the letter 
referred to the following iiresentation of their case: 

‘‘'rhe owner is assured from the start that tla* work will be well done, beeausc the 
chief temptation for slighting it has been removed. lie is also assiirtHl that labor and 
material bills will be paid and that there will be no liens against the compl(^t(Hl stnic- 
ture. lie is at liberty to make various changes in the work while under pn)gress, with- 
out first obtaining the consent of the contractor, and he is enabled to put a n^liablo 
contractor at work on the job as sc)on as the principal features arc? determined on, with- 
out waiting for all detail plans to be completed. 

“If there is any uncertainty about the nature of the obstacles to be encountered, 
the extent of possible diflicailties and delays, or the details of constniction, no con- 
tractor of experience will make a bid on the work without allowing for contingenck^s. 
In this way the owner has to pay a large sum for the risks assumed by the contractor, 
and he might as well take some of those risks himself. Again, in a complicated piece 
of w'ork some biddcir may carcle.ssly omit or overlook some expensive items in making 
up his estimate of cost, and thus get the work awarded to him at less than the actual 
cost. It is better for the owner to pay what a job is actually worth; for when a con- 
tractor is lasing money, either from his own mistakes, induding omission in making up 
his bid, or from difficulties that could hanlly have been anticipated, it is but human 
nature for him to endeavor to get ewen in some w^ay, and the character of the work 
will suffer in eonsecjuencc*, de.spite great care and watchfulness on the part of the en- 
gineer. And it is difficult for the averag(^ engiruMT, wh(‘n he? se(\s a contractor bravely 
struggling with an unprofitable job, to hanlen his heart to such an extent as to recpiire 
all the nicety of (ronstruction that he Avould exact if he knew the contractor w'ere making 
money on the work. 

“With the percentage method the owmer is at liberty to make the work as costly 
or as cheap as he pleases. He should have his own trusted employee to supervise the 
accounts, and he should be careful to s(?lect the* right contractor. There are plenty of 
honorable and capabk? men among contractors who would work faithfully for the in- 
terests of their employers, if given a contract on the percentage bjisis.” 

The author acknowledges that there are conditions which would make 
the method of letting work at cost plus a ptTcentage or cost plus a lump 
sum, or even the method known as “ day labor,” preferable to the ordi- 
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nary method of letting by contract at schedule rates; but such conditions 
arc unusual. In his opinion, the adoption of any one of the three first- 
mentioned methods is a last resort, applicable only when it is impracti- 
cable to secure good contractors to undertake the work on the usual 
basis. No matter how honest or honorable a contractor may be when 
working on a “ ixjrcentage” job, there is no ensuring that his employees 
are equally honest or honorable. In fact, one can count confidently upon 
their not being so; consc(iuontly, when there is no one on the work to 
drive them to exertion, they will ‘‘soldier'' to such an extent that the 
construction will eventually cost from fifty (50) to one hundred (100) per 
cent more than it ought. Human nature is human nature the world 
over; and, unfortunately, it is so constituted that, especially in the lower 
walks of life, man will not labor to advantage without some mental spur 
or personal incentive. Wh(in a workman feels that the more a piece of 
work costs the greater will be the profit to his employer, he will not dread 
greatly being discharged on the plea of laziness. Tlie author is speaking 
advisedly and of what he knows, for he has doiK^ some millions of dollars' 
worth of bridge (jonstruction by administration; and, although his con- 
tractors werci honorable and desirous of doing the work expeditiously and 
economically, luwertheless it was practically impossible to make the 
workmen exert themselvc^s as they would have done under the usual 
conditions of contracting. 

As for doing important bridge construction economically by day labor 
— that is a myth and a dream, as any railroad company which has tried 
it will testify. It is difficult to make the day-labor method pay even 
on such small work as ordinary bridge maintenance and repairs, and when 
such jobs are large railway managers find that it is (Hjonomical to con- 
tract them to bridge builders, even if it should become necessary to do 
so at cost plus a ix^rccntage. 

A short time ago the author had occasion to call for bids for the in- 
stallation of some gasoline machinery to oixTatc one of his old swing 
bridg(^s which had for many years been turned by man-i)ower. The ten- 
ders were all so high that he advised his client to do the work by day- 
labor, the result Ixang that tin? actual cost exceedc'd that of the highest 
bid. It is tru(^ that more work became ne(!essary as tlu; installation 
proceeded, and this would have occurred und('r any conditions; never- 
theless he became convinced through this experience of the futility of 
trying to save money by doing repair work to bridges by the day-labor 
method. 

Where bridge construction is done in a fon'ign country, it may be found 
necessary to adopt the cost plus a ix^rcentage plan, but there should be 
a limit to the contractor's total profit; and, in fact, it would be better 
to reduce his profits by degrees after certain previously determined total 
costs for the various structures have been exceeded, making it disadvan- 
tageous for him to let the cost of construction be excessive. 
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Where loundjitions for hridses are of an unusually difficult character, 
it may he advisal)le to 1(4 the work at cost plus a lump sum to a substruc- 
ture contractor oi ('xperience and wcll-estal)lish(Ml iiitej^rity; be(;ausc bid- 
ders are proiu* to tender excc^edingly high when they have to meet un- 
known or unc(»rtain conditions. If such work l)e let at schedule prices in 
the usual manner, and the contractor’s (\stimatc of cost i)rove to have 
be(‘ii too high, the princii)al will have si^(4it money that otherwise might 
hav(' been saved; while, on the otluT hand, if the contractor’s estimate 
of cost i)rove to have b(»en too low, the worries, troubles, and delays 
that always ensue under such circumstance's will, in one way or another, 
make the principal wish that the contract had been kit on a more liberal 
basis. 

Then? is a method (3f letting contracts, evolved and advocated by 
Mr. C\ F. CiratT, Pn'sident of the (JralT (Construction (k)mpany of K^’eattle, 
Wash., which is far mon' satisfactory than that of cost plus a percentage 
or that of cost jdiis a lump sum. It consists in guaranttH'ing a limiting 
lump-sum expenditure to the clie'iit for the work, at whie;h figure the 
contractor’s profit will be cither zero or a minus quantity, and naming 
as possil)le actual costs a number of other smalle^r and regularly decreas- 
ing sums witli a rc'gularly augumenting sliding scale of percentage thereon 
to be adek'd for contract ejr’s profit, the latter ))eing so arranged that the 
client and the contractor will share by another sliding s(*ale the differenefe 
between the gre'atest possible pri(*e and the actual cost, thej larger the 
saving the larger the percentage tliere'of to go to the client. Barring the 
standard methods of lump sum and unit pri(‘('s, there can be (jonceived 
no better, fairer, or more syste'inatically adjusted moans of letting con- 
tracts than the pre'cenling. The edie'iit is protecteul by bond against ex- 
cessive expenditure, and the contractor is given the bevst jxjssible incen- 
tive for ke^eping thei cost down to the* lowe'st practicable' limit. It goes 
without saying that the? client has the privikjge of auditing tlie contractor’s 
accounts, or enx'ii of ke^eping a cornbineMl ins])ejctor and auditor on the 
work from start to finish so as to see that all payments for labor and 
nrxuterials are hona fide and that all the e?onstru(4ion is done both thor- 
oughly and ejconomicall}'. In view of the^ im]K)rtance^ ejf this proi)osed 
scheme for letting contracts, and bee^ause the', preiceding de^sejription of it 
may not be pcrfeictly clear to eveay reader, the author has etoncluded to 
illustrate it by an actual cxai ii)lc taken from Mr. draff’s practiere, and to 
let him explain in his own words the important advantages of his 
method. 

In May, 1912, Mr. Graff made a written proposition to the City 
Council of Victoria, B. (’., for the construction of the Sooke Waterworks, 
from a published copy of which the cost and profit table has been compiled 
and the appended extracts have Ixjen taken : 

“The tot ill c'xpcnsf* to the city is thus giiiirariti*evl not to oxceHxl $1,450,000, the 
said guarantee to he covered by a satisfactory sun ty bond. The coinpiiny proposes 
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ih:ii the porcontii^o of profit for cosIh intermediate to those shown shall be computed 
on the principle of direct proportion. . . . 


TABLE 71a 

Contuactok’s Cost and Pkofit Tadlk for Pkrcentage Bid on the 
SooKE Waterworks, Victoria. B. C. 


Actual Cost ! 
in 1 lollars | 

! 

! ON Airi 

1 Per Cent 

lOKlT 1 

TJAU Cost 

I lollars 

Total Cost 
to ('ity 
in Dollars 

1,450, (KM) ' 

1,4:K),(KK) 

0 . 

0 

1,4.5(),(K)0 

1 

1 1,300 

1,411,300 

1,410,(XK) 

2 

2S,2()() 

1,43S,2(K) 

1,:10(),(KK) 

3 

41,7(X) 

1,431,7(X) 

1,:170,(KK) 

4 

54, SIX) 

1,424, SIX) 

l,:i.5(),(KK) 

5 

(w,5(X) 

I,117,5(K) 

i,:i:k),jk)o 

0 

70,S()() 

; 1,4()0,.S(X) 

i,:ii(),(X)0 

7 

91,7(X) 

I *I,1()1,7(X) 

1,200,(X)() 


1()3,2(X) 

1,303.2(M) 

1,270, (XX) 

0 

in,3(X) 

1,3SI,3(M) 

1,2.50, (XX) 

10 

125, (XX) 

1,375,(XK) 

l,230,(XX) 

11 

135,3(X) ' 

1,305,300 

1,21(),(XX) 1 

12 

145,2(X) 1 

1,355,200 


City’s Saving on 

CiUARANTEBl) MAXIMUM 


Dollars 

0 

o,7()() 
1 1 .S(M) 

‘2r),2(K) 

:v2,r)(K) 

10.200 

4S,:«)0 

()r>,7(K) 

75,(M)0 

Sl,7(K) 

04,S00 


P*»r Cent 


0.0 

0.4 

0. 5 

1. :i 

1.5 

2. :i 

2.5 

4. .5 
5.2 

5.5 
0.5 


*‘We have submit t(‘d a jiroposition to tlic honorable watiT comniissioner on a slid- 
inR-scal(‘ cost, plus a percent anc basis, which bec*oines automatically economical from 
the view-point of the municipality as well as ours(4ves as managing contractors for the 
city in this, that as the total cost of the work is riMluciMl th(‘ p(*rccntag(! of profit is 
increasinl, and as tlu^ cost is increasiMl the perc(*ntage of profit is rc*duccH.l until, wh(*n 
the cost. rea<‘h(»s a certain (ixe<l maximum, th(‘se profits beconwi zero, and we guarantee 
that th(» total entire cost to the city, iiudiiding jilant, profits, an<l all charges of every 
kind, shall not, in any event, exceed this fi.xed maximum, and this guarantee is to 
be covennl by a satisfactory surety b*>nil to jirotect the city. . . . 

“We respectfully invite the attention of the i»oimcil to the fact that, unless some 
such principle as hen* outliiu'd by us is resort cmI to, th(‘r(* is no a.ssurance, so far as 
the city is concerned, as to what the ultimati; cost, of the work will be, whereas by 
our proposed method there is every incentive for tin* managing contractor to k(*cp the 
cost down. It is, in fact, absolut«*ly essential that la* do so, or his efforts Avill all be 
o-xertejl for nothing. We consider, and so will <»verv saia* business man, that for the 
city to enter into a cost plus a jiercentage or tixi'd sum profit agr(*i*ment W’ithout 
a guaranteed maximum cost would be ruinous; that even with such a guaran- 
teed maximum cost there is not the incentive to ke(*p down the expense of the 
work that, exists under the aiTangeim'iit w'e propose. Our olTer is a straight, business 
])roposition w’hich puts the w'hole responsibility of sound, economic, and scientific 
management diri'ctly and solely u|M)n the should(*rs of the contracting managc*r equally 
as miicl*. JUS though he* w’erc* handling the work on a straight contract ; and at the same 
time the? proposition meets the necessity of completing the* work on a cost basis, >vhich 
is the only legal d<*f(*nsible procenlure now ope*n t<» tin* city in vi(*w' of existing condi- 
tions. By this method not. only is the city abseilutely sun* of its position as to the 
worst tlijit may happen linam'ially, but if, lus the work ])rogn*sses, it proves to be a 
fact that the cost of the project is less than the ge*neral judgim*nt now seems to indi- 
cate, then the city of V'ictoria w’ill reap tin* benefit. Also, although as pointed out 
above, the principle involvixl autoniaticjihy eiisun's (*conomy, w^e woulil suggest that 
the city adopt some independent methoil of checking the pay-roll and the expenditure 
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for materials, but it should bo borne in mind that to soouro the best and most eco- 
nomic results, and in flio best int«T(»sts of the city genenilly, the contract manager 
should be left absolutely untrammelled and allowed to enter the buying market and 
otherwise to eoniluct his operations as though he were executing a straight contract. . . 

Whore bridge construotion is done by administration, the labor in- 
volved for the engineers is far greater than that which they would have 
to perform under the usual method of letting such work; for, in addition 
to their customary duties, they must approve the contractor’s entire 
plant and must 0. K. in advance the purchase of all the materials used, 
wages and salaries paid, and every expense of every kind connected with 
the construction. They muist also look to the location and sanitation 
of all camps for the workmen, arrange for hospital accommodations and 
medical attendance, see to th('. insurance of men and materials, inspect the 
drinking water and make (lertain that it is boiled or otherwise purified, 
and have an ej^e on the (lommissariat, the stores, the camps, and the 
boarding* of the men, so as to ensure that they are looked after and fed 
properly and at reasonalile rates for the accommodations furnished. 
Again, the engineers must look carefully after the pay-rolls so as to sec 
that all the money so charged goes to the employees, that the wages are 
properly adjusted to the different classes of labor, and that the men’s 
time is corre(!tly kept. Besides all these items of extra trouble and ex- 
pense, the records of work done will be much more complicated and troub- 
lesome to keep. In short, the work that the engineers are called upon to 
do under the method of administration is excessive, and their responsi- 
bilities arc increased greatly as compared with those involved by the 
usual method. On this account, as explained further in another chapter, 
they should receive increased compensation for their services when the 
construction is done by administration. 
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ABBITKATION 

Although many specifications (the author’s included) contain a clause 
concerning; arbitration, it is not often that this method of settling dis> 
putes is adopted. Were it in more general us(f, there would be fewer eases 
in the courts involving controversies lx5tween builders and contractors. 
Arbitration is an easy and inexpensive manner of settling disputes, and 
it ought to be satisfactory to all who desire to do what is right .and who 
have no wish to take any undue advantage. When a board of arbitra- 
tion consists of three engine(!rs, one apinnnted by each of the contestants 
and the third by the two thus chosen, the decision reacdied is more likely 
to l)e just and equitable than that arrived at by either judge or jury; l)e- 
cause the arbitrators arc; men trained by tlaur life’s work to consider just 
such questions as arc raised in a controvc'rsy of this kind. Moreover, the 
average enginct'r is an (aninently fair-minded man; hence there is every 
chance of the arbitrators’ verdict being the best that can be reached. 
In treating disputed matters engineers almost invarialdy consider them 
from the {X)int of view of equity and justice and not from that of the 
law, and in so doing they arc right; for the law is often hide-bound and 
arbitrary. Jjawyers and judges too often cling closely to precedent and 
to the letter of the law, ignoring individual rights and the calls of jus- 
tice; hence they arc not .so well fitted to act as arbitrators on engineering 
matters as are engineers. 

There are two classes of arbitration with which a bridge engineer is 
called upon to deal. The first and mo.st common is the mljustment of 
disputed points in the final settlement for a construclion contract. The 
second is the dctennination of what profxirtion of the total cost of a 
structure, cither jiroposeil or completiHl, each of two or more interested 
parties ought to pay. Ordinarily, the adjustment of a final settlement 
is no difficult matter after Ixith sides have stated their claims and points 
of view, for if the sense of equity does not indicate clearly the correct 
determination, compromise is resortwl to, and a decision is .soon reached. 
But the determination of what each one of several joint owners or users 
of a structure should contribute to its cost is no simple affair. It involves 
many deep and intricate questions that sometimes appear almost incapable 
of solution. 

One instance in the author’s practice will illustrate this complexity. 
A certain Western city had retained him to design and supervise tho 

J587 
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l)uiUliiig of a large and ex|X'n.sivc Iwidge to carry wagon, pedestrian, and 
street railway traffic; and the stn^et railway company was to contribute 
its proper share of the ('xix'nse of construction. The city officials thought 
that the railway coinpan}'' ought to stand one-third of the cost, while the 
latter deemed that twenty (20) per cent ought to suffice; consequently 
the decision was left to the author to arbitrate, and his findings were to 
be adopted as final. The conditions of consf ruction were in a way pecu- 
liar, for the cost of most of tlie substructure would not be increased by 
widening the superstructure to carrj^ the double-track railway. The rea- 
son for this was that the bridge was in the nature of a highway trestle 
or elevated railroad across rather shallow tidewater, and the smallest 
pedestals that good practice would sanction had an (‘xcess of carrying 
capacity. The extra cost to the city, therefore, hw mainly in the wider 
superstructure. The company claiiiKHl that as the city intended to pave 
the railwa}*^ space so as to f)erniit driving oven’ it, thus nearly doubling 
the width of wagonway, tlu^ city ought to shares the (‘xpense for the 
increased width of structure. To this the city officials replied that 
thej" reall}” did not need the extra space, but would utilize it if put on; 
and that the company' ought to share in the expense of the substriK^ture. 
There was also a further complication involved in the swing span. The 
author decided that the In'iiefit the city would receive from the extra 
width of roadway would be offset by the free use by th(‘ (!ompany of the 
substructure, and that the company’s fair share of the expcuise would 
be the dilTerence in cost betwc'on the cornbiiKid structure and the one 
without provision for the; railway. Then he made a complete detailed 
estimate of cost for each case and found that th(i diffc^nmcci amounted 
almost (jxacfly to twenty-five (25) per cent of flu; total cost of the com- 
biiUHl structure, and n^portc'd accordingly. The decision appeared to 
satisfy both parti(*s, and the controversy \vas adjusted in (ronformity 
therewith. 

Wh(;n a case of arlntration is left to a single engineer, he is put in a 
rather awkward predicament, whil(‘ at the same time the appointment 
is of a highly complim(*ntary natun;. In such a case the arbitrator’s fee 
should be equally paid by the two contestants, in order that he may not 
be hamper(‘d in any way by any false notions of loyalty to either client. 
The author once conducted a case of this kind, in which an expensive pro- 
jected city bridge had its estimated cost increased by a railway company 
which desired to put its tracks l)en('alh the city’s structure. The city 
engineer and the chief engin('(?r of the railway company had agreed upon 
the extra quantities of mat(jrials, but they disagn^ed al)out the unit values. 
As both parti(^s were clients of the arbitrator, he was placed in a most 
uncomfortable p(jsition, nevertheless he managed to satisfy both of them. 
He handled the matt(*r in this way: 

The thn'o engineers met at an informal luncheon with the intention 
of attending to the business immediately afterward. The arbitrator ex- 
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plainod at the outset thsit the job wjus one which ho would have avoided 
if possible, for it might result in converting one or both of his good friends 
into enemies; but they assured him that there was no danger of tliat, for 
they had confidence in his impartiality. He th(*n said that he would 
conduct the case by taking up each disputcMl item by itself, hear each 
engineer’s claim, try to get the two into an agreement, and, if unsuccess- 
ful, would decide the matter for them, and finally would compute the 
extra payment for each item and sum uj). lie warned them that he 
might have to tread on the toes of one or both parties — ^jind tread hard. 
The city engine(T clainKul a diffcirence of $41,000, and the railway engi- 
neer said it should not exceed $30,000. Following out the programme, 
each item was adjusted by mutual agreement with almost no coercion 
on the part of Ihe arbitrator, and the excess cost was found to amount 
to $34,500, or $1,000 kvss than the average of the two (4aims. Both 
parti(\s were p(‘rfe(*tly satisfied, and the arbitrator breathed a deep sigh of 
relief when the matter was concluded. 

In settling disput(\s b(‘tween the parties Iniilding bridges and their 
contractors, most of the questions at issue are easily decid(Hl, if the speci- 
fications for the work are thoroughly drawn; although occasionally some 
I)oint arises where a senses of equity and justice must govern rather than 
a strict adhen'iice to the letter of the specifications. Kvery bridge en- 
gineer should l)(? broad-mind(jd enough to ignore his own specifications 
where they would infli(?t an unforeseen and unjust burden upon a (lon- 
tractor who luis doiu’i his work faithfully and w(41 but has experienced 
some hard luck because of having encountered oiutous conditions that 
were not anticipat(*d either l^y him or by the engineer. Under such cir- 
cumstance's the company’s engineer acts as an arbitrator between the 
company and the contractor, but if either party tU'cins itself aggrieved 
l>y any decision, it has the privilege of submitting the matter to an ar- 
bitration of three pc'rsons, onc^ cliosen by each of th(^ two contestants and 
the third l)y tho two arlntrators thus selected. The decision of the ma- 
jority of these three arlatrators is supposed to be final, and is iK'arl}' al- 
ways so treated; luwertheless either contestant has the right to carry the 
dispute to the courts, and this is done on rare occasions. Tlu' result, 
however, gc'iierally is that the courti supports the arl)itrators; and this 
is as it should be, because in most cases the said arbitrators have acted 
according to their best judgment, and, as they are trained in the line of 
work involved, their findings are usually corix'ct. 

It IS sometimes advisal)le before inaugurating an arbitration to have 
each contestant give a l)ond guaranteeing tliat he will abide by the de- 
cision of the arbitrators. Thi'ii if he is dissatisfied with the award, he 
will still have the privilegcj of going to law; but to avail himself of 
it, h(^ will have to sacrifice the l>ond which he has put up. Such an 
arrangement will almost invariably result in making the arbitration 
final. 
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Occasionally there will arise in an arbitration points of difference that 
neither the specifications nor equity will settle, and in these the principle 
of “splitting the difference” is the best method of solution, most reason- 
able men being willing to adopt it rather than to resort to expensive and 
long-drawn-out litigation in the courts. 



CHAPTER LXXIII 


PROMOTION OF BRIDGE PROJECTS 

Bridges which arc not lK)ught by railroad companies for their own 
use, or by cities, counties, or townships for public benefit, generally owe 
their existence to the foresight, energy, and desire for gain of the class of 
men commonly known as promoters. This designation long ago carried 
with it some idea of responsibility and high standing (both social and 
financial) for the individual to whom it was applied; but of late years it 
has Ixjcome more a term of reproach than a complimentary appellation. 
This is due to the fact that America has gradually produced a class of 
irresponsibles who make their living by their wits through foisting un- 
profitable ventures u^x^n a credulous public and trading on its natural 
fondness for gain and the modern desire to get rich quickly. Notwith- 
standing this unsatisfactory state of affairs, the real, genuine promoter 
is not a scoundrel, but a public benefactor, in that he labors to inaugurate 
enterprises which will be both a benefit to the community in general 
and a legitimate sources of profit to those who invest their savings therein. 
Without the promoter there would be but little progress, and the devel- 
opment of th(^ country would l)e extremely slow. 

The true promoter is th(^ individual who discovers the necessity for 
some real convenience or utility which will be ai)preciated by the public 
to such an extent that people will have to use it and pay adequately for 
the privilege, who has the ability to convince others of the soundness of 
his beliefs, and who is gifted with the indefatigability and pluck that 
will prevent his ever giving up the fight, no matter how great his discour- 
agement. Such a man (and there are indisputably many of them in this 
country) belongs to the class which is making America great among na- 
tions, which is furnishing the people with the wondiTful conveniences 
and luxuries of modern life, and w'hich makes existence a source of pleas- 
ure instead of a burden grievous to be borne. All hail, then, to the true 
promoter, the man of ideas, courage, indefatigability, sound business 
judgment, and suc(;oss; and may his days be long in the land! 

Promotion work is a high type of salesmanship; and one who is ex- 
pecting to engage therein would find it to his advantage to study thor- 
oughly the teehniipie of that calling. 

Of all the enterprises promulgated by promoters there are but few 
more worthy than bridge projects; for bridges are a great boon to the 
traveling ])ubli(! — and in America everybody travels. Moreover, bridge 
projects are generally a source of profit to those who invest their money 
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ill them (notwithstanding the fact that the free-born American citizen, as 
a rule, hates to pay toll); for people will travel across the obstruction, if 
they can, and gcMierally in the quickest way. Wherever there is compe- 
tition betw(HMi a bridge and a ferry, the latter, on account of its inferior 
convenience, sooner or later has to succumb; besides, the bridge tolls 
can usually be made? lower than the ferry charges because of the item 
of expense of operation, which is far greater for a moving ferry than for 
a fixed bridge. 

Bridge projects may be tlivided into the following classes, viz., those 
for 

Steam railway traffic, 

Kl(M*tric railwa}' traffic, 

Wagon traffic, and 

Pedestrian traffic?. 

\'ery often, though, two or more kinds of traffic are provided for on the 
same structure, and in some case's a single bridge wilt take care of all 
feur kinds. (Ic'iierally, the more kinds of traffic that arc carried the bet- 
ter the enterprise will pay; but there arc, of course, exceptions to this 
rule. 

Projects for steam railway bridges arc generally inaugurated by groups 
of wealth}' nu'ii who s('e the? lU'CC'Ssity for carrying one or more; lines of 
railroad across a large riv('r so as to dev('lop a territory as y(?t unserved 
by railways. These? far-sighte<l individuals usually take the precaution 
be'fore investing th(?ir money to make provisional contracts for a long term 
of years with certain loads to use their bridge at (certain rates, thus re- 
ducing the? risk of loss to a minimum. Such an arrangement should al- 
ways be made', if it be possible, in the inauguration of any railway bridge 
enterprise. 

h]lee*trie; railway brielge f)roje'e*ts are generally combineel with those for 
buileling the railways, but se>metiine'«s the?y are? inaugurate?el as separate 
enterprises, mainly with the obje'e*t of renting te) e)the?r ele?e*tric railroads 
the privilege e)f using the struedure. In semie e*ase's the brielge project 
may appe^ar epiite attractive while the railway preije'ed eleies ne)t, anel then 
the only way feir the company to get its brielge may be to build it as a 
separate unele?rtaking. 

Wage)!! brielge pre)jee?ts are evolve*el in communities whe?re there is 
urgent ne?e*e'ssity for e*re)ssing some stre?ain anel where pee)ple arc willing 
to pay fair tolls for the i)rivilege. flene*rally it is the eluty of the county 
or city to biiilel such a bridge; but the?re are localities where the ncc(?s- 
sary public me)ne?y is not available anel where private e;apital is. In such 
cases the buileling of the strue!ture will be pretty sure to prove a paying 
venture, esjx'cially if the? company be? granteel an exclusive right te) brielge 
the river within e;e?rtain limits fe)r a e?ertain term of ye?ars. Such a monop- 
oly is often elifficult to e)btain, l>ee?ause it is opposeel to the American 
policy of open competition; nevertheless, when the people of a district 
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sec that there is no other way to sturiire the desired stnieture than l)y 
granting the exclusive privilege demanded, they will succumb to the 
inevitable. The promoters then must investigate the state laws with 
great thoroughness so as to make sure that their (;hart(5r or franchise is 
legal; otherwise, after the bridge Ixigins to pay good rciturns on the in- 
vestment some othcT company may su(;ceed in having the old charter 
declared ilk'gal and in obtaining another to build a rival structure. 

Often, though, it is af)par(int that for many ytiars to come there will 
be no serious danger from the establishment of a rival bridge project, 
notwithstanding the fact that almost no good bridge scheme is started 
without some insignificant imitator trying to raise the money to build 
a competing structure. Such action is both foolish and reprehensible, for 
the result of the double attempt is sometimes to kill both projects; and 
thus the community is left without a much-nccMlcMl means for transporta- 
tion. There is no one in the \vorld more timid than a capitalist; and 
it is oft(m a very simpler lYiattc^r to kill a meritorious enterprise by start- 
ing a rival one before the necessary caf)ital is seemnid; and whem once 
a projecit has been n'jecded by bankers of good standing, it is exceedingly 
difficult for a long time to revive it and raise the requisite funds for its 
materialization. 

ProjcM'ts for building pedestrian toll-bridges are rather rare, because 
the conditions calling for them do not often exist, (lenerally, if there is 
a demand for tluj accommodation of pedestrians, there is also a need for 
that of wagons. The only i)laces suitable for toll structures to carry foot 
passenger’s exclusively are tliose^ when? wide, deep gorges or rivers have 
to be crossed and where the money is not available for an e.xpensive bridge. 
In these localiti(\s the suspension bridge is generally the most suitable 
structure, in that it is the cheapest type for long spans to carry light 
traffic. 

Th(‘ various st('ps to be taken in the promotion of a bridge project 
are about as follows: 

Fird. The promoter should investigate personally the possibilities 
for traffic of all kinds, keeping his own counsel about what he is doing, 
in order to protect himself from the swarm of blackmailers, kvclies, and 
hold-ups who mak(^ a busiiK'ss of fast('ning themselves ujYon any oiu^ who 
has the originality to conceive a good enterprise and the courage to un- 
dertake it. After finishing this investigation of conditions, he should, if 
possible, determine what kind or kinds of traffic his bridge' ought to pro- 
vide for and the probable amounts thereof that there will be, both at 
the outscit and for a long sc'ries of 3 vars. 

Second, The next step to take is to go to some reliable bridge special- 
ist, who cafi be counted upon to treat the mallei’ on a strictly confid(mtial 
basis, and retain him to make an inspciction and survey of the proposcMl 
crossing and a preliminary estimate of cost, based upon the data that 
can be obtained without too great an expenditure of money and without 
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runiuiig much risk of exposing the project to the curiosity of persons who 
may have rival inlcmsts. H this bridge engineer is to be connected with 
the project throughout its entire materialization, he should be one who 
has had dealings with bankers and is familiar with their point of view 
and their attitude toward promoters and new enterprises. Such an en- 
gineer could be of much service in making the project presentable. 

If the promoter has not been able to make up his mind finally as to 
the kind of traffic for which he ought to provide, he can now do so with 
the assistance of his engineer, who will tell him approximately the cost 
of structure to carry any kind or combination of kinds of traffic, and who 
will aid him in estimating the probable net revenues therefrom. 

Third, After settling the questions of what traffic to provide for, 
the approximate cost of structure, and the probable net revenue, unless 
the promoter be a man of great individual wealth, which is extremely 
improbable, the next step for him to take is to form a company of a few 
trustworthy friends who possess means to aid him, and have the company 
take all the necessary legal steps to secure the right to bridge the stream 
and whatever exclusive privileges it is practicable; to obtain. 

The formation of a stock company for promotion purposes and to 
hold title to any assets that may Ik; acquired tluring that stage of the 
enterprise has considerable advantage over the partnership form of owner- 
ship. The cons(;nt of all parties in a partnership is necessary for trans- 
ferring assets, while in a stock company a majority vote of stock ratify- 
ing the action of the Board of Directors is sufficient. 

Fourth, Next, the same engineer, or some other one, should be re- 
tained to make borings to bed-rock, if there be any at the crossing, or 
else to a suitable substratum, and from them to d(;tc;rmine very closely 
the cost of structure, bas(;d upon current prices of labor and materials, 
but allowing properly for such contingencies as a possible rise in the 
material market or an increase in the cost of labor. lie should also be 
requinid to make a layout to submit to the War Department for approval, 
if the stream be navigable. These various steps will ensure to the pro- 
moter or his company the control of his proj(;ct from a legal standpoint, 
which is a sine qua non in dealing with capitalists. 

Fifth, The next step, and one of the most important, is the prepara- 
tion of a prospectus. Upon the inann(;r in which this is done will de- 
pend the success of the undertaking. The promoter should remember 
that his project may have to compete with many others for investment- 
capital and that the demand for this far exceeds the supply; hence his 
prospc(;tus should be prepared in such a manner as to appeal to the banker 
from the start and hold his attention in order to win him over and away, 
{perhaps, from other projects that he has under consideration. The requi- 
sites for a successful prospectus arc honesty, moderation, thoroughness, 
clearness, conciseness, and a conservative amount of enthusiasm. 

Setting aside the moral question involved, honesty is an absolute 
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essential in preparing the document; for even if it might appear to be 
advisable to try to deceive others, it would be folly of the worst descrip- 
tion to deceive oneself by an unduly favorable statement of the condi- 
tions, too low an estimate of first cost or of maintenance, or too high an 
estimate of revenue. * 

Moderation is an essential in a prospectus, because bankers are too 
accustomed to the flights of fancy of the ordinary promoter to be deceived 
by glittering generalities or rosy-hued statements. 

Thoroughness is a necessity, for without it the presentation of the 
case is incomplete, and its lack will caus(^ serious doubts in the bankers’ 
minds concerning the ability of the interested parties to handle the project. 

Clearness is requisite not only to ensure the reader’s understanding 
of what is written, but also to produce a favorable impression on those 
who hold the purse strings. A well writtem document invariably carries 
great weight by means of its correctness of style and its elegance of diction. 

Conciseness is necessary, because a busy ])anker will not take time to 
wade through a long, verbose', statement which shows upon its face the 
ignorance of its writer concerning this i)rime requisite of financial docu- 
ments. 

A properly (rontrolled enthusiasm is also an essential for a prospectus; 
becaus(5, unless the promoter is optimistic about his project, nobody else 
will be; and iinkjss he succeeds in stirring up a certain amount of enthu- 
siasm, his scheme will fail to materialize. 

A bridge prospectus should begin by stating as concisely as possible 
the conditions affec'ting the business of the proposed structure and the 
reasons for its location at a certain place. Then it should proceed to 
give a very short history of the development of the enterprise, and should 
state who are the principal parties in interest and their standing in the 
community. The name of the company’s engineer should be given, be- 
cause a banker’s action in accrepting or rejecting a proposition is often 
dependent iqwn who is the engineer retained by the promoters. The 
company, too, should be fully described, and the amount of its capital 
stock should be stated. Next should come a short descrii^tion of the 
structure with a conqilete detailed estimate of its cost, iniiiuuliately fol- 
lowing which there should be a statement of the amount of actual cash 
required for the enterprise, including a certain sum to put the company 
upon an assured basis of operation for a year or two after the bridge is 
completed. Next should come a detailed estimate of annual cost of oper- 
ation, maintenance, deprecjiation, repairs, interi'st, taxes, and all other 
items of exptiiise. This should be prepared by one who is conversant 
with every detail of the management of such an enterprise and of the 
cost of operation; for the figures given will have to be verified by the 
bankers’ exi)erts before any contract will 1 k' entered into to underwrite 
the bonds or to furnish the necessary capital. Next there should be 
given a conservative estimate of revenue, complete and reliable, based 



1596 


BRIDGE ENGINEERING 


Chaiter LXXIII 


upon preinisos which arc indisputable, and prepared in a manner that 
is beyond adverse criticism. Following this will naturally come the state- 
ment of the estimated net revenue of the enterprise and the probable 
profits to the stockholders of the company. In concluding a prospectus 
it is w('ll to give a succinct resume of the preceding statements and cal- 
culations and a concise presc'iitation of the reasons why the project is 
sure to prove profitable to tlu; investor. If the prosix‘ctus is a lengthy 
one, it is advisable to precede it with a short synopsis, in which should 
be stated very conciselj'' the raison (rctre of the enterprise and what it is 
expected to accomplish. The object of such a synopsis, of course, is to 
catch quickly the capitalist’s attention and arouse his interest — at least 
sufficiently to induce him to n'ad the whole prospc'ctus. The importance 
of such a synopsis, if it be judiciously prepannl, cannot well be exaggerated. 

Rixth, The next stej) to take is for the i)r()m()ter (and possibly some 
other influential nwanber or iiK'nilx^rs of the company) to call on bankers 
to submit the prosixictiis, maps, drawings, and otluT data of interc^st. It 
is often wcdl to have the engineer accompany tluj party, which, by the 
way, should seldom be large, because a small committee can, as a rule, 
do business much more exixiditiously than a large one. (^ire is needed 
in choosing the bankcTs first to be approa(?hed. They should be capital- 
ists who arc a(?custoiiied to handling bridge proje(;ts, and who are not 
at the time too busy in financing other schemes. Again, the siz(‘ of the 
enterprise should aid in determining the bankers first to be interviewed, 
for certain capitalists deal only with very large projects, others take up 
those of moderate size, while many are of necessity concerned solely 
with small ones. 

It is almost an essential that the partic^s in interest go to the bankers 
well introtluced; for often cai)italists refuse to r(‘C(*ive strangers. Unfor- 
tunately, this introduction occasionally costs (*ilher the promise of a block 
of stock or some other r(M*ogriition of services that involves the expendi- 
ture of some of the i)romotcr’s money. One seldom gets anything of 
value for nothing; lauice the promoter must not feel disappointed when 
he finds that an introduction to the financial powers is (expensive. It is 
well, though, for him to make such a nanuneration conditional upon the 
bankers' undertaking tlu; financing of the i)roject, thus nMlucing the 
transaction to a perfectly legitimate one of brokerage. 

In dealing with bankers the promot(*r should ocarupy as little of their 
time as possil)lo. They arc busy men and cannot afford to waste many 
minutes of their working hours. When the promr)ter has said his say, 
let him leave his prosp(»ctus and papers, ask for and make another ap- 
pointincmt, and bid the capitalists good day. If he fails to mmember 
this hint, he will very quickly be given his conge more or less i)oliteIy; 
consecpuuitly it is just as well to avoid such an unpleasant experieiK^e. 

The inexiKirienced promoter almost invariably goes to the capitalists 
with great notions of how he will handle the deal, how he will lay down 



PROMOTION OF BRIDGE PROJECTS 


1597 


the law to them and permit them to join forcies with him in his important 
undertaking, and how he will concede to them a small percentage of the 
capital stock and keep the bulk of it for himself and his associates; but 
after he has once put through a project, or even has tried to do so and 
failed, he will have become a sadder but a wiser man. lie will find that 
it is the bankers who dictate terms, l)ecause enterprises requiring capital 
are brought to them every day, and from the numerous ones presented 
they can pi(jk and choose, and that it is they who will take the lion's 
share of the (;apital sto(;k and leave a small p(3rcentage for the promoting 
company. Those who seek capital for an entc^rprisc; must go prepared to 
submit to many disappointments and reverses; for financing of projects is 
no easy matter. Hankers are difficult incin to deal with, and they have 
the whip hand. Moreover, one cannot count upon their doing what 
they promise or agree to vcrl)ally, until they l)ind th(ims(;lves in writing, 
as some of th(3m make a practice of agreeing verbally to underwrite a 
projcict, then, if l)eforc confirming the agrt;emcnt in black and white some- 
thing more attractive is submitted, thfiy feel at liberty to change their 
minds. On th(3 other hand, though, if tliey find that a promoter is trying 
to deal siniultaiM'ously with two s(its of bankers or capitalists, they will 
turn him down with great indignation because of alleged lack of good faith. 

Should the first cai^italists approa(ihed rejc(;t a proposition, it is often 
difficult to induce otli(‘rs to entcTtain it; and after it has been hawked 
around for a while among various bankers it might as well be abandoned, 
because it will have gotten a bad name, — and that is almost certain to 
kill it. Financi('rs term sucJi projects “footballs." Of course, the first 
or even the siK^cecMling bankcTs approached may not be in position to 
underwrite the projec^t on account of other business; and in smJi a case 
*‘i polit (3 request from the promoter not to mi'iition the fact that he had 
submitted his scheme to them may prevent any ill effects from the un- 
successful attempt or attempts; but a rejection of a project by promi- 
nent bankers on the plea of its being of an unsatisfactory character is gen- 
erally its death knell, because? tlu? leading financi(»rs of the large cities 
meet often and exchange confidenc(;s, and there an? close', intimate con- 
nections between the banking houses of the principal citic's. In order to 
avoid the danger from i)ubli('ity of one’s i)roject, it might be feasible in 
some cases to have a mutual friend, or souk? othi'r disinterested pe’-son, 
interview the banker before he is formally approached and sound him 
as to whether he would be likely to take an intc'rest in an unciertaking 
along certain general lines, without giving him any information which 
would enable him to locate the enterprise or to discover the names of the 
parties interested. 

If a banker consent to back a project, he will generally demand an 
option on it for a few weeks or months in order that he may confer with 
other bankers and obtain their aid in the underwriting, especially if the 
uiulertaking is a large one; for the reason that bankers usually act upon 
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the old established principle that it is not well for one to carry all his 
eggs in one basket. They prefer to share both profits and risks with their 
brother bankers. Moreover, it is easier to dispose of the bonds to the 
small buyers when the issue is largely divided, especially when it is under- 
written in several cities. 

Bridge bonds are commonly taken by the underwriters at a rather 
heavy discount, the price for five (5) p(T cent bonds being often as low 
as eighty-five (85) cents on the dollar. In addition tluy demand as large 
a share of the stock as they think they can sciueeze out of the promoters, 
and this, as a rule, remains in their hands; for it is their custom to sell 
the bonds to their clients in small amounts at a price about ten (10) cents 
on the dollar higher than the underwritten figure, anti not to give them 
any of the stock, if thoj’' can avoid doing so. 

The amount of the bonded indebtedness is ordinarily made large 
enough to ensure sufficient actual cash to build the structure complete 
in all its details and to leave a small amount in the; treasury in order to 
provide for a possible deficit in earnings during the first y(‘ar or two; 
but sometimes the financier insists that the promoters buy a certain 
amount of the stock at a small figure, say twenty-five (25) or thirty 
(30) cents on the dollar; and thus the amount of the bonded indebted- 
ness is reduced. In the preliminary organization of the company and 
when making the financial arrangements, it is a wise precaution to pro- 
vide for a possible future increase of bonded incU^blediK'ss as well as for 
an enlargement of capital stock. The amount of the latter at the out- 
set is arbitrarily fixed, and it is of small importarujo, as it usually repre- 
sents nothing but water. However, th(‘ ordinary arrangement is to make 
it equal to the amount of the bonded iiidebtediK'ss. In most cases all 
the stock is common, but sometimes a portion of it is preferred. If the 
prospective n(;t profits are small, the preferred stock is the choice kind; 
but if they are very high, the conunon stock is the IxjttcT, as there is 
no limit to the profit whierh it may pay, while the priiferred stoc^k carries 
either a fixed or a maximum rate of interest. 

If an engineer acts as a promot(T or gives much of his time to aid the 
promoters in financing, he is entitled to a portion of the stock, unless his 
services arc fully paid for either in cash or by an agreement according 
to which he secures the future engineering of the designing and construction. 

Generally, it is not a good thing for a bridge (ingineer to make a prac 
tice of promoting enterprises on his own account. It is far better for 
him to be retained by the promoters to aid them in their work. The pos- 
sibilities of large profits and the ekmient of gambling involvcxl in such 
occupation are V(Ty attracitive to souk; minds; })ut experience shows that 
the bridge engineer will generally succeed Ixitter in the (?nd, if hc^ con- 
fines his attention and energies mainly to professional duties and leaves 
to men of less education the pioneer w<irk of promoting. Nevertheless, 
there may come occasionally to a bridge engineer an opportunity either 
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to promote for himself or to aid others in promoting a project of excep- 
tionally fine promise. In such a case, if the engineer he a man of y(»ar.s 
and of wide experieiKu?, it may l)c advisjible for him to undertake the 
promotion; but before doing so he should call to mind the old proverb 
that ‘‘there’s many a slip l)etwcen the cup and the lip” and try to antici- 
pate the various difficulties, backsets, disappointments, and antago- 
nisms which appear to be almost inevitable in the materialization of great 
enterprises, tlwui decide whether “the game is worth the candle.” 

Bridge projects can o(;(;asionally be materialized by securing from 
the state, county, or city a guarantee of the principal and interest of the 
bonds. This is feasible only when the projected bridge is a great public 
necessity. In such a case the guarantee is likely to carry with it the 
proviso that the guarantor will have the i)rivil(?ge, after the expiration 
of a certain time, of buying the structure either for a certain fixed sum 
or at a valuation to he made by a (iommissiou at the time of purchase. 
From the financier’s standi)oint this proviso is an objectionable feature, 
in that it often makes the bonds more difficult to sell; but in most cases 
the chance that thci guarantor will ever avail himself of the privilege is 
very small. 

It is well for th(^ promoter to keep secr(^t all his financial operations, 
for he generally has to purchaser or (condemn right of way; and the mo- 
ment it is known that he has sec.ured the money for his enterprise, up 
will go the pri(!(} of everything that he has to buy. It is well, if possible, 
to S()curc in advances of any financial negotiations long time options on 
desired property and to (hdermine or have waived beforehand all dam- 
ages to r(*al estate in the vicinity of the proposed structure; but often 
the promoter is unabk' to raise the cash required to pay for such options, 
or he may think that the chance of ultimate success is too small to warrant 
his spending the money. 

The preliminary investigations concerning the probable traffic and 
other sources of rev(»nue should be made with great care and conserva- 
tism. One who is optimistic; by nature is prone to overestimate, and no 
promote;!’ is of any a(;count at all unless he is more or less optimistic;; 
hence he should consider very c*arefully all uncertain matters conncctc;cl 
with the revenue estimate's, and should endeavor always to err upon the 
side of safety. Similarly, in cc^mputing the annual cost for maintenance, 
repairs, and other like expc'iises, he should be c*areful to omit no items 
and to figure each item high enough to be bc;yond criticism. In the chap- 
ter on “Kstimafos” are given lists of itcmis of both first cost and operat- 
ing expenses, which will be found quite useful to the promoter of bridge 
projects. 

Some engineers in their estimates of cost and maintenance make a 
practice of allowing vc;ry liberally for cc)ntingenc;ics; but to the author 
this always seems an acknowledgment of weakness or lack of experience; 
for the list of items in each case should be so complete that not even a 
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minor item is omittc'd, and the amount allowed for each item should l)c 
just about right. Therefore, if the engineer be experienced, capable, and 
careful, he may oil her omit the item of contiiigcmcies entirely or may 
reduce its amount to an insignificant figure. If, sis was stated in the 
chapter on “Estimates,” one is going to allow at all for contingencies, 
it is better to do so in a single item instead of adding a small amount 
to each it('m on the list. If the latter method is adopted, the result will 
too often Ix' an excessive total allowance to cover the element of uncer- 
tainty. While the author is of the opinion that it is not good practice 
for (in emjincer to allow tW) liberally in an estimate for contingencies, he 
recognizes the fact that the non-profemoiml promoter, when unaided by 
an engineer, should pursue an entirely dilTerent policy, in order to avoid 
serious futun; dilficulties cau.sed b}' too small an appropriation. 

In trying to obtain any franclusc or charter most promotel’s am prone 
to make too many rash promises and to agree to give too much free stock 
for influence and t)ther aid, with the residt that sometimes they find it 
neces.sary later on to buy back such gift stock at considerable expense. 
It is good j)oIicy to incur as few such obligations jus possible .'uid to make 
it one’s invariable practice; to put all agi’exMuents in writing, so that later 
on there shall be no quibbling alK)ut amounts of ptiymetds for services 
rendered. If a jn’ornoter is in the habit of making all agreements in 
writing, ami if any one att(;nipts to blackmail him after a succejssful pro- 
motion, as too ofte'ii happens, the rascal will find that the promoter’s con- 
firmed habit of nx’ording agreements anel his own inability to produce a 
written contract will .so militate against him with the judge or jury that 
he will lose his case and fail totally in his nefarious attempt at extortion. 
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BRIDGE ENGINEERING FEES 

It is a gcngrally conceded fact that the engineering profession on the 
whole is underpaid, for while the young engineei’s fresh from the technical 
schools command larger compensation than the recemt graduates in law 
and medicine, th(ar (warnings do not increase i)roportionat('ly with their 
accaimulated knowledge and experience, so that after oru^ or two decades 
they fall heliind the men of their own age in the other profc'ssions. J^ut 
it is when comparing th(^ earnings of those who have reached the summit 
of thcar (iareers that the enginecTing profession makes th(' poor(\st show- 
ing. The leading lawyers, physicians, and surgeons demand and obtain 
large f(»es for their services, and there aix! many of them to be found in 
the great cities of America; but onlj' a very few prominent engineers 
earn good salaries or larger fe(\s, and tlui amounts of their compensation 
hill far below those of th(' shining lights in the other professions. This 
is all wrong, because no on(‘ has to study more faithfully for his degree 
or work harder in pracdici' to attain success than the ('ngine(er. More- 
over, none of the world’s work is nior(‘ important than his, for it is a go!i- 
erally acknowledged fact that the whole progress of humanity d(‘pends 
primarily upon his ('(Torts. 

What is th(^ ri'ason for this unsatisfactory state of jifTairs, and upon 
whom lu*s the blanu'? Possibly it is because engineering has only lately 
been recogniised as one of the learned j)rof(*ssions; but it is suri^ly old 
(aiough to have dev('lop(Ml suflicient infliu'uce with the public to obtain 
proper (ompcaisation for its members. As for where the blame lie's - 
tlu^rc is only one answt'i* to the (pw'stion, viz., upon the ('ngineiTS them- 
selves. If an engiiK'C'r of good standing and edu(*ation makc's a practicfe 
of working for a men^ pittaiuje, is it likc'ly that pt'ople will pay him more 
than lu; asks or is accustomed to a(!(*epting? Again, the unprof'ssional 
competition among engiiKXTS, that, alas, is by no nu'ans uncommon, is 
responsible to a great degree, for the nicagrc'iiess of ti'chnical iik'h’s com- 
pensation. Until engineers develop in thcansc^lvc's a love and rc'spect for 
tluar profession and a desire to atlvance it by every k'gitimatc means in 
their pow(T, the existing unsat isfaertory conditions will continue, and the 
day of good times for engiiK^cm in general will contimui to remain in the 
dim and distant future. 

But what must each individual engineer do to advance the status of 
the profession and to raise it to a higher plane in public! estimation? The 
answer is not a difficult one. Ix)t him refuse to lend himself to every 
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endeavor on the part of his clients or employers to keep down the salaries 
of his subordinates; but, on the contrary, let him insist upon their com- 
ix^nsation being advanced as their experience and the value of their ser- 
vices increast'. Let him also refrain from envy and ill-natured remarks 
wdicn he learns that some other engineer in his own class has received 
advancement or has secured a large fee; but, on the contrary, let him 
tender his more fortunate brother hearty congratulations; and when he 
loses a piece of work in com|x^tition let him congratulate the employers 
upon their having secured such valuable servicH's instead of making some 
ill-natured, snec'ring, or (k'rogatoiy n'lnark. Let him also be on the look- 
out to advance those of his friends in the profession who are worthy of 
advancement, by recrommending them for positions which he knows are 
to be filled; and let him always be willing to allow any of his jussistants 
to leave his service' wlu'ii thc'y are offered (or \vhen he can find for them) 
better compensation than he or his principals can afford to pay. Will 
such a course of procedure tend to hold back his own advancement while 
others arc pushing alie^ad? Far from it. On the^ contrary, it will make 
him so respected by the community in general that his ultimate atlvance- 
ment will be assured. 

C'ertain bridge engineers have established for themselves schedules of 
charges, and they try to live up to them; but in many cases they arc 
forced either to vary from them or to lose the work. The following is an 
average schedule of minimum fees for ))ri(lgc engineers of established 
reputation: 

For the entire engineering conm^ctcjd with the dc'signing, manufacture, 
and constriKftion of a larger bridge, exclusive' of th(i inspection of metal- 
work at mills and shops, five (5; per c(*nt of tlu^ total contraert cost of 
the completed structure, including substructure', superstructure, anel ap- 
proachejs, or five anel a half (5.5) per e*ent if the bridge contain a movable; 
span. This is exe*lusivc of the preliminary stuely of the crossing anel the 
making of be)riiigs. 

Fe)r plans, spe;e*ifications, anel estimate's fe)r a large brielge, three (3) 
per erent e)f the e'stirnateel total cost of sul)slrue*ture, superstructure, anel 
appre)ae*he\s, baseel upon e*urrent price;s e)f materials anel labor, or three 
anel a half (3.5) pe;r ere'iit if the brielge cemtain a me)vable span. 

For plans, si)e;cifie;atie)ns, estimate's, checking e)f shop elrawings, anel 
inspe;ction of metalwork at resiling mills anel brielge' slie)ps fe)r a large brielge, 
three and on(;-half (3.5) per cent of the; total cost of substructure, super- 
structure, anel appre)aclK's, or feair (t) pe'r c'e'iit if the; brielge eiemtain a 
me)vablc span. 

Fe)r the fie'lel engine'ering alone of any large biidge, the aeitual cost 
of ele)ing the work plus eithe'r a fix(;d sum or a monthly salary. 

It alme)st ge)e;s withe)ut saying that one; must e'harge highe;r pe;rce'ntagc 
f(‘(;s for small structures than for large; ones, be;e;ause many of the exp(;nses 
are just as high in erne case as in the othe r. It is harel to say where an 
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onginoor should draw the dividing line between large and small structures; 
because it will dcjpcmd upon the volume of his business and how high h(‘ 
lias climbed th(^ jirofessional hulder. What would b(5 a large bridge for 
a young engimjcT would lx; d(;(Mncd a small one by anoth(;r of longcT ex- 
perience; and greater jiractice. The author coiLsidcrs that any ordinary 
structure costing l(;ss than two hundred thousand dollars ($200,000) is 
so small as to require; fees exceeding those he charges for more expensive; 
structures. 

Feir an ce;onomic study of a proposeel crossing with an estimate of cost 
of structure, excluding the cxpe;nsc for making borings, one-half eif 
one per cent of the estimatexl total cost. 

For insix;e;tiem only of suix^rstructurc metal at mills and shops, one 
dollar and twenty-five cents ($1.25) per ton of two thousand (2,000) 
pounds. 

For the same inspection with supervision of loading of metalwork on 
vessel for ocean transportation, one deillar and fifty cents ($1.50) pe;r ton. 

Feir making of borings to and into bed-rock, the actual cost thereof, 
plus e;ither a lump sum or a salary commensurate with the amount of 
personal work involved. 

For inspection of and reporting upon old structures, the actual cost 
plus a lump sum or plus a per diem fee of from fifty (50) to one hundred 
(100) dollars; or, in the case of a great many bridg(;s to be e.xamined 
consecutively, thirty (30) cents per liiw'al foot and all traveling expenses. 

For expert t(;siiiuony, not less than one hundred dollars per day and 
all expenses (including time spent in traveling), and as much more as 
the magnitude or importance of the work or the value of the said testi- 
mony warrants. 

For valuation of and r(;porting upon an existing bridge, one (1) per 
cent of its estimated value, unless it be a very large structure, in which 
cas(; the fix; might lx* materially nxluced, with a minimum limit of one- 
half (3^) of one p(*r cent. 

For administration in addition to the (;ntire engineering on a bridge 
(/.c., where the cohstriictiori is done by day labor or at cost plus cither 
a lump sum or a ix;rcentage for profit), the percentage for tlx; engineering 
fee should be increascMl about one and a half ( 13 '' 2 )> Ihe size of the in- 
crease depending upon the magnitude of the work, the larger the structure 
the smaller being the iiKTcase. 

For advi(;e to clients and to attorneys in law suits the fee must be 
based upon the amount of the money involved and upon the special 
value of the said advice, as no hard and fast rule will apply to this class 
of work. 

Similarly, for arbitration the compensation must be adjusted to the 
size of the construction under discussion and to the amount of money 
the arbitrator has probably saved for his client. 

If a client engages an engineer to prepare standard plans for bridges 
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and to turn over the saiti plans to him to use as he may sec fit and to 
utilize on as many stnuitures as he may desire, a much larger charge 
than the ordinary should be made; because, when an engineer prepares 
plans for a bridge, no one has a right to use them without the designer's 
permission for any other structure than the one for which they were 
drawn. In the author’s opinion, the fee in this casci should be at least 
twice as great as that which would be charged were the plans to be used 
only once. Kngineers, for tin; benefit of the profession, ought to dis- 
courager all th(\v can the preparation of such standanl bridge? plans. 

lor the elesigning of a me)vable span alone, the fere shoulel be much 
higher than that chargeel fe)r the designing e)f ordinary, fixinl spans. For 
a swing brielge the pe'rce'ntage shoulel vary from four (4) to five (5), and 
for a bascule or vertical lift bridge it should run from five? (5) to six (6), 
anel the erost of the substructure she)ulel be includeel when the? percentage 
is a{)plie?d. The designing anel ek'tailing ejf inae*hine'ry involve very ex- 
pensive work, and there? is a gre*at deal e)f mae*hinery requireel te) operate 
moval)le spans; bedsides, the structural metalwork therein is more com- 
plie'ateel than that for fixeel spans’ hence the pereicntage fee for their 
designing shenild be greater. 

If a bridge engineer e)f established reputation is j)aiel a per diem fee for 
any work, he should se'lelom make his daily charg(? k'ss than om? hundred 
dollars ($100) and all exiK'iises, unless he b(‘ promisc^l as an inducement 
the engineering of future construction. Uiidc'r such circumstances it would 
be pcrfe(!tly proper for him to halve his per diem fee. All time sp(»nt in 
traveling for clients should be paid for on the same basis as is time spent 
on actual work. 

Wh(?n an engineer is retaiiK'd to do important work like? that of se- 
curing a valuable charter or conc(*ssion, and when it is upon his profes- 
sional standing and reputation that success (h'pends, lu? should lx? given 
other inducements than the? standard fees or per di(?m charges; other- 
wise he would simply lx? pulling his client’s chestnuts out of th(? fire. If 
it is mainly upon his ability and r(‘putation that the succ(\ss of the at- 
tempt depends, Ik? surely should be giv(?n an interest in the profits ob- 
tained through the concession; and it is jxM-fectly Icjgitimatc? for him to 
drive as hard a bargain as he can with his cli(?nts und(?r such circumstances. 

It is not right or politic for a client to force a bridge engin(H?r to pay 
out of his fi?e th(? i?xp(?nses of making borings, because? tlu^n? is no tell- 
ing in advance, even approximately, what sinrh borings will cost. It is 
far better for the client to l(?t the engin(?er spend freely whatever money 
is required to secure all the n(?cessary information concerning b(?d-i‘Ock 
or other founrlation; b(?cause, ordinarily, every dollar spent in securing 
such data involves several dollars saved on the (jonstruction. It is per- 
fectly legitiniatc and prop(?r for an cngin(?er to agree to l(?t his charge 
for preliminary work I>e a}>sorlx3d by the later fee for engineering of con- 
struction, in case that the prdje(?t be a large one; but it is better for both 
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himself and the profession to avoid doing so, if possible. In general, it 
may be stated that the more an engineer demands for his services tlie 
more highly will he be appreciated by the public. Of course, he may 
sometimes lose a piece of prospective work by holding up his charges; 
but eventually he will be the gainer thereby, and he will certainly have 
the satisfaction of knowing that he has done his share to raise the engi- 
neering profession to a higher standard. 

There is but one case where it is right and proper for a bridge engi- 
neer to cut rates, and that is when his (ilierit is a brother engineer or an 
architect, and when the said client hjis to pay the consulting fee out of 
his own compensation. Under these circ.umstances the lower the con- 
sulting engineer makes his charge the more worthily docs he act; and 
it is often eminently proper for him to reduce it to zero. He should 
beware, though, of falling into a trap in such a case; because occasionally 
a sharp promoter has been known to endeavor to save a consulting engi- 
neer’s fee by ordering his own engineer to ask for assistance and advice 
under the false assumption that it is to be paid for out of the said engineer’s 
salary, which is too often a mere pittance. 



CHAPTER LXXV 


SOMK BUSINESS FEATURES OF BRIDGE ENGINEERING 

Although engineering is now acknowledged to be a learned profes- 
sion, it ciinnot be deniwl that there is a great deal of business connected 
with it; and this is six'cially true of bridge engineering, both in connec- 
tion with the client’s work and with that of the engineer. It is with the 
latter that this chapter is concerned. 

The organization of a bridge engineer’s office and field forces, keeping 
them continually occupied, and arranging finances so that they are paid 
adequately and regularly, demand business ability of a high order, and 
he who does not possess it would do well not to attempt to specialize 
as a cotisulting bridge engineer. Again, in soliciting work (which, although 
unprofessional for a lawyer, is by no iiieaiis so for an engineer) and in 
dealing with prosp(‘ctive or actual clients, the bridge engimser must have 
the ability and savoir faire to make a good impression and to lot people 
see that he understands his vocation in ev(!ry detail from start to finish — 
and this involves the possession of sound business capacity and judgment. 

It is in negotiating with prosix*ctive clients who an; promoting bridge 
projects that an engineer nmst r(!quin?s business exiMirience; for if he 
does not exercise firnmeas and sound judgment in making the; prelimi- 
nary financial arrangeimuits, he may later find himself beaten not only out 
of his time but also out of considerable cash. Most promoters arc im- 
pecunious, and hence arc likely to try to make a bargain with the con- 
sulting engineer for the preliminary work bascid upon promises of future 
liberal compensation. It may 1)C all right for the engineer to accede to 
such a proposed method of doing business; but he should invariably 
insist upon tying up the parties by a hard-and-fast, written agreement, ac- 
cording to which, in case the project is materialized, he will be retained 
to do all the engineering thereon at certain fixed fix's or for other remu- 
neration. Again, he should make sure that he will not be called upon 
to put any of his own cash into the affair; but should insist that before 
starting his operations the parties deposit a certain sum of money to 
hLs credit to be drawn upon from time to time as needed to pay his as- 
sistants and others for doing the preliminary work. He should also make 
sure that more money will Ixs forthcoming when the first deposit is nearly 
but not quite exhausted. If he can secure some personal compensation 
as the work progresses, let him do so by all means; but he will find that 
generally the promoters prefer to pay him in the future with other people’s 
money. If the project be a good one, it is sound business for the engi- 
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nccr to risk his personal time in the enterprise; but this is as far as he 
should go; and before the real engineering work immediately antecedent 
to the letting of contracts is done, payment therefor should be assured 
beyond the peradventure of a doubt. 

In making a contract with promoters, if they have already formed a 
company, the agreement should be drawn with it instead of with indi- 
viduals; and it should always be made binding upon its successors or as- 
signs, for it is a sharp trick sometimes practised to try to repudiate an 
agrcement by selling out nominally to other parties. If the engineer in 
preparing his written agreement will use the author's little book entitled 
“ Knginecring Spc(;ificaiions and Contracts," and will apply properly the 
directions therein given, he will be able to protect himself adequately 
against all such tricks. 

When a bridge engineer agrees to risk his personal time to aid in the 
development of an enterprise, he ought to secure a future fee larger than 
the usual one for the work involved, in order to compensate him for the 
venture. No reasonable man can obje(!t to a demand of this kind. As 
for the amount of the increase — ^that would entirely depend upon how 
much personal time would l)e likely to be needed for materializing the 
project and upon the magnitude of the construction. Probably from 
twenty-five (25) to fifty (50) per cent would suffice for most cases. 

Often an engineer is asked to take some of his compensation in se- 
curities, and here is where his business judgment comes in; for if ho 
refuses, he is likely to offend his principals, and if Ik? accedes, he runs 
the risk of having unsalable and valueless paper left on his hands. lie 
must first determine in his own mind how badly the promoters need his 
aid and whether tlu'y have any other engineer in view for the work, then 
tell them whether he will take any securities, how many, and at what 
pri(!c. Bonds are g(?iierally pretty safe to accept, esp(?cially at a discount, 
but it is not these which promoters are in the habit of offering. They 
prefer to give stock, which is worth ordinarily only a few cents on the 
dollar until long after the structure is finished and utilized for traffic. 
If bonds arc offered, it is well when accepting them to insist on some 
stock being thrown in as a bonus. 

In all business matters the bridge engineer should endeavor to main- 
tain in every way the dignity of the profession, for instance, by patron- 
izing the best hotels and by spending his money as a gentleman should. 
Any acd.ion on the part of an engineer which savors of the picayunish 
produces an impression unfavorable not only to him personally but also 
to his profession. 

'^rhe manner in which a bridge engineer treats his employees is an 
excellent indication of his business alulity or the lack of it. He should 
engage only competent assistants, and should pay them all that their 
services are worth. His best method of securing good men is to take 
them as they come from the technical schools, train them, and pay them 
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according to what their services are worth, dropping ruthlessly those who 
are idle, incompetent, or otherwise undesirable. Ho should take a strong, 
personal interest in the welfare, development, and advancement of those 
assistants who give promise of becoming good engineers, and should aid 
them in every way that lies in his power. Such a course involves not 
only good engineering ethics but also good business. 

He can save himself and his principal assistant engineers much trouble 
and the office much exi)('nse b}'' selecting with care the recent graduates 
whom he employs. ''Fheir instructors in the technical schools can usually 
give him a very good idea of their ability, industry, and individual pecu- 
liarities; and it is well for him to keep in close touch with the professors 
of those technical schools from which he draws mainly for assistants. 

A bridge engineer should insist strictly on regular attendance of all 
assistants to their work in both office and field, and should so organize 
his forces that this (kskhratum will be assured, liach assistant should be 
made to endeavor at all times to produce the maximum amount of use- 
ful daily work of which he is capable'. The office work should be so laid 
out that there will always b(i some valuables routines occupation ready, 
in case that the ordinary tasks run short. Su(*h an arrangement assures 
that nobody’s time Avill be wasted for want of somc'thing to do, provided 
that the head of the office allots properly the routine work to the various 
subordinates. Working hours for office men should be from 8 a.m. until 
5.30 P.M., or 6 r.M. with an hour off for luncheon; but in extremely hot 
weather and when work is not unusually pr(\ssing, a half-holiday on Sat- 
urday should be allow(?d, making the hours for that day from 8 a.m. till 
1 P.M. 

Each employee should l)C annually granted a two weeks' vacation on 
full pay. Ev(Ty man who labors hard is entitled to a short period of rest 
each year, in whi(;h to recuperate' his forces and relax his me^ntal strain. 
By taking such a vacation he will accomplish more useful work annually 
than he could by continuous labor. The employer, however, should make 
sure that the vacation period is spent in relaxation and not on work for 
some one else or in study. 

As a matter of lousiness, it is well to pay office me^n for overtime at 
their regular rate of hourly compensation, but from siKih extra earnings 
should be deducted the vahie of any tina; that may have bec'ii lost. v)n 
the other hand, it is not advisable to dock a good man’s salary because 
of a little unavoidably lost time, unless then? be som(?thing due him from 
overtime. But it is not good ))usiness to make a pra(jtice of working one’s 
employees overtime; however, occasionally it c^aniiot be avoided, espe- 
cially when there is a piece of work that has to Ik? finished quickly. One 
cannot obtain effective labor from tired men, and if a practice be made 
of having the ('jnployees work extra time, they will get into the habit 
of dawdling during the regular working hours in order to enlarge their 
monthly earnings by overtime occupation. Every field-man’s time should 
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be fully (K.Tupied in uttondin^ to his reguhir, routine work, whieli should 
be so laid out for him in writing that thcTO will be no cxeiisc for shirking. 
As there is a good deal of standing around during construction hours for 
the field engineer, he should not object to giving some portions of his 
evenings to routine work, such as making notes in his diary and i)reparing 
his reports. There should be no overtime allowed for field engineering 
work. 

It is a wise precaution cither to carry accident insurance for one's 
field forces, or to have it understood in writing that a certain small por- 
tion of each one's salary is paid him for the purpose of insuring himself, 
if he so desires; and that if he does not do so, he will have no claim against 
his employers b(H!aus(? of any accident that may happen to him. An 
engineer should insure his office outfit against fire for as high a figure 
as the insurance companies will agree to; and even if he does so and is 
burned out, h(', will find that ho is d(M?idc;dly out of pocket after the loss 
has been settled. One cannot insure records at anything like their value, 
hence it behooves a bridge engineer to have an offi(;e in a building that 
is truly fir( 5 -i)roof. 

It is nt)t a bad plan for a bridge engineer to give two or three of his 
prin(;ipal assistants a small interest in the annual profits of the office 
which are in excess of a (u^rtain fixed amount; but the advisability of 
treating the rank and file of the assistants in the same way is problema- 
tical. Owing to the fluctuation in the amount of work in both office and 
field, a bridge engineer, of necc'ssity, must employ more or less floating 
draftsmen and inspeu^tors, whose services may be dispensed with at any 
time; and there is no need to let such men share in the profits of the 
business. 

When l)ad times strike the bridge engineer, he should not make the 
mistake of discharging all of his men in order to cut down expenses, but 
he should evolve routine work to keep his ])cst assistants busy until pay- 
ing work is resumed. If he does not do this, he will find that when the 
p(*riod of depression has passed, he will be unable to do (^ven a small 
portion of the work that he could readily secure. During good times 
he should save and lay aside money for the special purpose of carrying 
his well-trained men, or a good number of them, through the next period 
of deprcission. 

It is true economy for a bridge specialist to pay a good price for shop 
inspec.tion, provided that by so doing he makes sure of obtaining it. 
Cheap inspection is a cause of endless worr3'' and anno3"ancc; and some- 
times it entails serious loss to one's clients. One can ensure the best 
results by keeping .constantly in his employ several trained inspectors 
who are accustomed to his methods and who know how to obtain good 
shopwork from the manufacturers; but the payment of their salaries 
when they arc not employed is a heavy tax on his resources. It is gen- 
erally chcai)er for him to let out his metalwork inspection to a good in- 
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spccting bureau; but the rosulti? of this method are seldom perfectly 
satisfactory. The difficulty that he encounters is that the bureau’s men 
are so accustomed to doing slipshod inspection that no matter how strict 
and complete his written instructions to the bureau may Ixs, or how high 
a price he may pay for ins|K‘ction, it is not in them to do the work as 
well as he requires it to be done. This is a very unsati.sfactory state of 
affairs, and it is due entirely to the pernicious habit of letting metalwork 
inspection by cumix:titiun. 



CHAPTER LXXVI 


RESPONSIBILITY OF THE BRIDGE ENGINEER 

There is no mcrnl^cr of society who is called upon to shoulder more 
lesponsibility than the civil engineer, and of all the specialties in engi- 
neering none involves more than that of bridgework; for the man who 
desigtis a bridge is responsible for the life of every one who crosses it from 
the day it is finished until the day it is taken down. It is true that the 
older a bridge grows the smaller becomes the designer's moral responsi- 
bility for its eirecitivciiicss, because the structure? is liable to d(?terioration 
with age, and the loads to which it is siibjecited may be so increased as 
to ex(;ecd those for which it was designed by more than good practice 
allows. In such a case the moral lijibility of the designer should really 
be assumed by the engineer who l(M)ks after and operates the structure; 
nevertheless if any accident befall it, the first question asked is, “Who 
was the designer?" and most of the blame naturally falls on him. 

But the rcisponsibility for the safety of the people and the? property 
traversing his bridg(?s is not the only serious one with which the con- 
science of a l)ridge engineer is burdened; for he is liable (at least morally) 
for all the errors and mistakes of his various assistants; he is generally 
blamed if his structures cost more than he estiinat(?d or if th(\y are not 
completed on time; he is calk'd to account (and very properly) if the 
contractor does not do his work correctly or give the client his money's 
worth; he is oft(?n c(;nsured if any serious ac(;ident to men or materials 
occurs during construction; and lie is usually (?ither blamed by the con- 
tractor for unnecessary s(?verily or by his client for being too lenient. In 
truth, a bridge engineer's life “is not a happy one"; nevertheless it has 
its compensations, for the satisfaction experienced from the successful 
completion of a grc'at striKiture built under unusual diffi(;ulties offsets 
much of the iiKuital anxiety caused by heavy n'sponsibilities. 

The bridge engine(;r's resixinsibilities may be divided into throe classes, 
viz., l(?gal, financial, and moral. The legal oik's are more imaginary 
than real, because the (?ourts would never consider as a criminal an en- 
gineer upon whose work a serious accident had occairred, unless it could 
be proved that it was due to maliciousness on his part, which is prac- 
tically impossible, as no sane man would wilfully cause an accident which 
would certainly cast a slur upon his own professional reputation, even if 
his maliciousness could never be discovered. In case a bridge engineer 
were blamed for an accident, and the matter were brought to court, no 
judge or jury would ever suggest punishing him for his fault, because 
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they would feel that his loss of prestige anti the griping of his sorrow 
and remorse would be far greater punishment than any they could inflict. 

Nor is a britlge engineer’s financial responsibility much greater than 
his legal, because generally he is by no means a wealthy man. If there 
were an accident on his work which was proved to be his fault, or if his 
designs were bad or his calculations erroneous and his client suffered loss 
thereby, it would be difficult for the said client to recover from him pecu- 
niary damages, primarily because he would not have the money to pay 
them unless they were quite small, and secondarily because to err is 
human, and on that account the judge or jury would consider that the 
client in (jhoosing his (aigineer took the precaution to inve^stigate his repu- 
tation and that, if any mistake were made in the sele(;tion, the client alone 
was to blame. 

But the moral responsibility is the one that counts, and it is far heavier 
than either of the others could possibly be. What greater punishment can 
be imagined for a conscientious engineer (and nearly all bridge engineers 
are such) than to have perpetually overshadowing him the depressing 
thought that through his ignorance, carelessness, or lack of forethought 
human lives have been lost and valuable property destroyc'd! The re- 
mainder of his life would not be worth living. Far better for him would 
it be to go down to death with the other unfortunates on his structure! 

That this sentiment is a true one was once proved by a certain bridge 
enginec^r who w’as finishing for another member of the profession the re- 
pairs to an old structure which carried the main line of an important 
railway system across a .i:reat river. Finding oikj of the new wrought- 
iron counters to Ikj too short and therefore only partly effeertive, he con- 
ceived the idea of kaigthening it by placing a riveting forge beneath the 
short end, heating a portion of the bar, pounding upon the metal and at 
the same time rotating the turn-lju(!kle, and thus stret(?hing the piece. 
Accordingly he gave orders to the foreman one night to g(^t everything 
ready, but not to start the fire until his arrival in the morning. Next 
day his train was late, and the foreman (Ixaiorning impatient) heated 
the bar, twisted the turn-buckle without pounding the metal, and broke 
the rod, which stretched and parted as would a pi(MM^ of molasses canily. 
The deed was dories and the damage had to be repaired with the least 
possible delay; consc(iuently the engineer and the foreman sat down on 
the deck and evolved jointly a false turn-buckle which could be manu- 
factured in a near-by town and attached in a crude but effective way 
without the necessity for falsework — ^that which had been used for the 
reconstruction of the bridge having been removed. Unfortunately, this 
repair work demanded time, and a passenger train was due a few min- 
utes after the design was evolved. The engineer felt confident from his 
general knowledge of bridge superstructures that the other counter of the 
pair would do the work of the two, but he could not prove it by figures. 
It was then up to him to decide whether he would block all traffic on the 
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railroad for more than twenty-four hours or risk the lives of the passengers 
in the approaching train. Relying upon his engineering judgment, he 
adopted the latter course and ordered the foreman and all his men off 
the bridge, but stood himself by the broken (lountcr until the train had 
passed, preferring the possibility of death to that of professional disgrace. 
His decision was justified by the siife passage of the train; and by the next 
evening the broken piece was repaired. That was more than a quarter 
of a century ago, and the crude turn-buckle has been doing effective service ^ 
ever since. 

A bridge engineer having much practice employs a large force of 
assistants who are more or less expert; and it is impossible for him to ex- 
amine in person every detail of tlu^ir work and make sure that it is right. 
The best he (ran do is to train all his jnen on general principles and so to 
organize his forces and their work that onl}'' well (rquij)pcd men will be 
allowed to do important tasks, and that (rvery (krsign will be checked in 
detail by an independent computer, l^ven with th(r best possible organ- 
ization minor errrors will occur, and it is possible that some of them will 
not be discovered until they entc^r the actual construction, or that some 
money is wasted in the shops by their correction. The question then 
arises as to who should stand the extra expense involvcrd. Legally it 
would, perhai)s, be the client; but morally it is the engineer. In the few 
such cases whi(!h have arisem in the author\s practice he has paid the 
bills, and has taken the opportunity to l(‘(jture s('vcrely not only the 
assistants dircurtly responsible for the errors, but also the whole office 
force. He has souKitimes UAt that the moral effect of the practical evi- 
dence of the evil of carelessness was worth thii expenditure for the repairs 
or modifications. 

In case, however, the amount involved were large (for instance, if 
a bridge were to fall), and if the engineer were not really to blame, it 
would be unjust to hold liini pecuniarily responsible, because the value 
of his net compensation is altogi^ther too small to warrant his guarantee- 
ing the work of himself and his assistants. All that his client can expect 
is that he shall do his levc'l best — if that be not good enough, th(; fault 
lies with the client for not having made a l)etter choice wIk'Ii selecting 
the engineer for the work. This question is tri'ated in a masterly manner 
by ("larence W. ITubb(dl, lOsq., Chief Engineer of the Philippine Bureau 
of Public Works; and his findings are discussed editorially in Engineering 
News of April 9, 1914, page 779. Mr. Hubbell says: 

“It is obviously impossible to hold the individual onginoor financially responsible 
for mistakes or failures. A single error of judgment on his part may cost more than his 
entire salary of a lifetime. Nor is it customary in any part of the civilized world to 
hold a professional man financially resiwiisibk*. A captain los('s his ship but lu^ doc's 
not reimburse the owikt for the loss, nor does he lose his standing as a captain unless 
investigation shows him to have been negligent, in his duties. 'Phe average lawyer 
must of necessity lose at leiist fifty per cent of his cases; but he does not reimburse 
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his clicnt-s for their financiiil loss, oven though their eases may have been lost through 
his ignorance or incompetence. .The doctor loses many cas(\s; but he makes no finan- 
cial rcimbursc‘m('iit for his mistakes, though he may lose both prestige and practice if 
his mistakes are too frequent or too well known. Archite(;ts and engineers are required 
to design fire-proof structures; but no one would think of holding them financially 
rosponsiblt; for damages caused by fire.’* 

A question of moral responsibility is likely to arise in the case that an 
engineer prepares plans and specifications for a client and is not retained 
to supervise the manufacture and erection. If something goes wrong, 
the client is apt to cast the blame upon the desigiK^r, when generally in 
reality it should be iilaced jointly uikhi the manufacturer and the shop 
inspector. A case of this kind arose once in an engineer's practice, in 
which the client asked him to pay for the extra expcuise of errors which 
he (the client) deemed due to faulty design, but which the engineer con- 
tended were causcnl by bad shopwork aiul in(*ffi(dent inspection. Strictly 
speaking, it is not right to try to make the designcT pay for any such errors, 
even if the fault apparently be his; and unless the responsibility for the 
trouble encountered be traced beyond all possible doubt to the design, it 
would be unjust to load him with the moral responsibility and thus injure 
his professional standing. There is no way to obviates this difficulty, ex- 
cept for the consulting engin(»(T to refuse to prepare the plans unless he 
be permitted to supervise the inspection, manufacture, and construction; 
but as his taking such a stand would be lik(4y to involve the loss of the 
prospective job, he woiihl naturally be averse to so doing, preferring to 
run the chance of encountering the anticipated difficulties. 

Occasionallj" a bridge engineer finds it necessary to take issue with 
his client, either to prevent him from doing soukj wrong or uiKiconomic 
construction or to force him to treat his contractor (‘(piitably; and under 
such circumstances th(* engineer should stand out for what is right, even 
if the result be that he must njsign his position. Clients have no right 
to dictate to a bridge engineer as to what mat(?rials to employ or what 
type of design to adopt. The engiiUH^r should allowed to use the best 
materials that the market affords; and as for the type of construction, 
he can sometimes give the client a choice of two or more that arc within 
the limits of good practice; but when an effort is made to adopt any 
type which is unfit, the engineer should not only protest, but should fight 
the question to the latter end. The client may offer to absolve the engi- 
neer from all responsibility by giving him a statement in writing to that 
effect, but while he can thus absolve him legally, he cannot do so morally, 
because the engineer will always, in public opinion, l)c held responsible 
for the structure which he has designed and supervised. Occasionally, 
though, some detail of construction objectionable to the engineer but 
not of grave importance is forced upon him. In such a case all he can 
do is to protest in writing against the ch<*inge and keep several copies of 
his letter filed in safe places for his future justification. Then, when 
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troul)lc comes, he will be able to state in the technical press the history 
of the transaction and prove that he was not to blame. In extreme cases 
of this kind it is best for the bridges engineer to resign his position, giving 
written reasons therefor, and (uthcr publish his letter at once in the tech- 
nical press or keep copies of it for future publication. 

While, under ordinary conditions, an engineer has no right to dictate 
to a contractor as to how his work is to be acc^omplishcd, whenever it is 
evident that some risky expedient is about to be adopted, the engineer 
should point out to the contractor the danger, and if the latter be obsti- 
nate, should warn him in writing, thus throwing the responsibility on him. 
If the matter is grave enough to jeopardize liimian lives, the engineer 
should exercise his authority and forbid further i)rogr(5ss until the objec- 
tionable cxi)edicnt is either abandoned or so modified as to avoid the 
anticipated risk. 

It o(!casionally happens that an engineer’s client, either through ig- 
norance or lack of moral principle, attempts to tak(‘ an unfair advantage 
of the contractor. In such a cas(', although th(^ engineer is the client’s 
own emplojTe, he should insist upon the contractor’s rights being nscog- 
nized, even if it impcnil his own position; for the (Migineer is the judge 
or arbitrator in all such cases, and it is his obligation to see that both 
parties obtain their just dues. Sometimes such a(*tion lays the engineer 
open to the charge^ of collusion with the contractor; but the possibility 
of this eventuality should not prevent him from doing what his conscience 
tells him is his duty. Often by taking a firm stand he will be able either 
to persuade or to force his client to do the projXT thing. A threat of 
publicity will often compel an unscrupulous man to abandon an unjust 
action that he is contemplating. The britlgc? engineer should certainly 
be a man of nerve*, and should be possessc'd of considerable force of char- 
acter, in order to be al)le to deal properly w'ith all the moral and equity 
cpicstions that are sure to arise in a great practice. 

The responsibility of the bridge engineer which is most recognized by 
the general public is that of ensuring that his stnud-ures are built strictly 
in accordance with the plans and six'cifications. To accomplish this is 
an absolute necessity for a successful professional career; and one should 
nev(T accept any construction that is not truly first-class, no matter how 
much worry or grief is involved in obtaining proper work. Alost bridge 
contractors desire to build th(*ir structures in a creditable and workman- 
like manner; but some of them, when they anticipate losing money on 
the job, att(unpt every possible expedient for economizing, regardless of 
the character of the resulting construction, lender such conditions the 
bridge engineer will find it necessary to exorcise the utmost vigilance, and 
in his dealings with the contractor to employ all the? firmness of character 
with which nature has endowed him or wdiich his worldly experience has 
developed. 

Occasionally a bridge contra(*t is let to an incompetent contractor or 
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to one who is unwillinp; lo do the work in .•Krcordaiia* with tho spccific^a- 
tions. In such a case, tlic engineer should assuine the responsibility of 
taking advantage of the clause provided for such a contingency in every 
properlj^ written bridge specification, by seizing the contractor's plant, 
letting tlie work to other parties, and finishing it at the contractor's 
expense. But before employing this drastic expedient, he should consult 
his client’s attorney so as to make sure that everything is done in a per- 
fectly legal manner, in order to prevent the contractor from collecting 
damages later for loss of money or alleged injury to reputation. 

In order to forestall the contingency of having an incompetent or 
dishonest contractor on the work, it is w(dl for the bridge engineer to 
insert a clause in the sixnafications com]>elling the successful bidder to 
prove that he either has or can readily procure the requisite plant, that 
he possesses ample funds, that either he has had the necessary experi- 
ence himself, or has arrang(id to retain as an assistant some one who has 
had such experience, and that his reputation for comph^ting work hon- 
estly and faithfully is unquestioned. Before letting th(i contract the 
engineer should sec w’hether the successful biddiT fills all th(\sc require- 
ments; and if not, he should assume the responsibility of rejecting the 
bid. In the case of the builder being a private company or an individual, 
this difficulty can be avoided by choosing as competitors only contractors 
w’ho fulfil the conditions; but in the case of public work, everybody 
is allowed to complete, and the low bidders arc often irre^sponsibh^, inex- 
perienced, and without proper plant or sufficient funds to buy it or to 
prosecute the construction in the manner desirc'd. 

Engineers should assume the responsibility of refusing to let work 
at figures either l)elow cost or so small that the profit in them is prob- 
lematical; because, unl(\ss a contractor is making monc\v on a job, he is 
pretty sure to slight it and to cause serious trouble and delay. A protest 
of this kind by the engiiie(?r is often used as a claim that he is showing 
favoritism, cither through frnmdship or for a pecuniary consideration; 
but the dread of such an attack on his charact(T should not i)revent him 
from doing his duty. In taking a step of this kind he knows that he is 
involving himself in a hard fight, lienee let him be careful to go armed 
with all the evidence necessary to ensure his winning it. 

In writing the sjiecifications for a bridge, the engineer should assume 
all the responsibilities that an', rightly his, and should not try to unload 
any of them upon the contractor. He should have the courage of his 
convictions, and should prove it by telling in the specifications every- 
thing that he knows concerning the conditions that will affect the work, 
instead of leaving the contractor to ascertain these things for himself. 
It is a co^vardly expedient to dodge responsibility by stating that the 
correctness of the data furnished is not guaranteed; although, on the 
other hand, it is right to point out that the said data may not be com- 
plete and that the contractor must provide for certain contingencies which 
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may arise. The author, on more than one occasion, has had clients crit- 
icize his specifications because of their being too full and because of his 
giving the bidders too much information, on the theory that each bidder 
should examine th(^ ground and get all the needed information for himself. 
This was suggested for the purpose of avoiding responsibility for the com- 
pany. The author^s answer to any such criticism is that, unless the bidders 
are furnished witli complete information, they will t('nd(T high, and the 
company will spend money uniu'cessarily in what may after all prove to be 
an unsuccessful endeavor to dodge responsibility; for in case of litigation 
the courts generally sec that the contractor is given his just due. 

No engineer should force a contractor to go into court in order to 
settle qiu'stions and disputes that arise between the company and the 
contractor. The (engineer is the arbiter, and he should not shirk respon- 
sibility by refusing to settle disputed points. It is true that, notwith- 
standing the statement of the siKH*ifications to the contrary, he is not 
necessarily the final arbiter; as the courts have held that any stipulation 
in a sfwcification which takes away from either party to the contract the 
right to apiKial to the law agaitLst the engineer’s decision is illegal and 
therefore void, b(‘cause it is adverse to public policy, in that its effect is 
to deprive the courts of their jurisdiction. However, it is found that 
the courts seldom, if (jver, reverse an engimjer’s decision on a disputed 
point, unl(\ss it 1)0 ch'arly proved that he was actuated by dishomvst mo- 
tives in making it, for both the judge and the jury feel that the engineer 
knows much more about his own business than they do. 

In the ev(‘nt that the lives of the contractor’s uk'h are endangered 
through strikes or threats of any kind, it is the duty of the engineer to 
sec that they are properly protected; and he should not shirk the re- 
sponsibility of advising his client to call in the aid of government troops 
whenever he deems such a i)recaution necessary. When the client’s prop- 
erty is endangered in any way, for instance by fin^, flood, or mob, the 
bridge engineer’s place is where the danger is greatest; and it is his obli- 
gation personally to use every endeavor to save the imperiled possessions, 
no matter what may be the risk to himself. His duty under these cir- 
cumstances is analogous to that of an army officer; and he must forget 
for the time being all personal considerations and devote his entire at- 
tention and energy to saving the property confided to his charge. Occa- 
sions of this kind are lialile to occur in the practice of any bridge engineer, 
and wh^n they do he must face the danger manfully in order to encourage 
his workmen and assistants to do their duty. The following little stories 
will exemplify this statement: 

When a certain liridge engi.iccr was a young man, he was in charge, 
for th(' contractors, of the construction of a railway bridge across a west- 
ern river. During the winter falsework had been built across the stream, 
and in the spring, when the ice went out, large cakes of it lodged against 
the piles and threatened the work with destruction. The engineer who 
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had lx«n on the trainway for some time in anticipation of the ice jamming, 
ordered his men to attach ropes to themselves and to the deck, get down 
on the lodged ice cakes with axes, and cut them away beneath their feet. 
No man of them was willing to risk his life in that way until the engineer, 
seizing an axe and tying a roiic around his waist, lowered himself down 
to the ice, and coininenccd ojK^rutions. After watching him a while and 
seeing that liis attempt was successful, some of the men followed his ex- 
ample; and b)' their united efforts, extended over several hours, the 
falsework was saved. Not a single pile was lost, but several bents were 
left considerablj' out of line. 

On another occa.sion wh(*n repairing a tru.ss span that had been se- 
verely crippled during a flood, the workmen, fearing that it was about 
to fall, left the structure and would not return to work upon it until the 
bridge engineer led the way, nor would they remain upon it without him, 
consiMiuently he had to stay until it was made temporarily safe by auxil- 
iary timbering. 
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ETHICS OF BRIDGE ENGINEERING 

Ethics has been well defined as “the soience of right conduct, 
or the body of laws governing the relations b(;tweon human beings.” 
Although there are a number of elaboratcj treatises on that subject, 
there has been no well-considered effort to formulate a working (?ode 
of ethics for the engineering profession. A few desultory endeavors 
have be(in made to codify the laws, but none have been w(Jl rounded 
or successful, consequently the profession hns but little in this line to 
work upon except the “golden rule,” which in technical lifii may be 
best stated by tlui expression “endeavor always to do the scpiare deal 
by everybody.” 

In this chapter, which is supposcnl to deal only with the ethics of bridge 
engineering, but which unavoidably touches upon that of engineering in 
general, no attemi)t will be made to formulate a set of rules to govern 
the actions of bridge engiiu^ers or to establish a system of ethics; but the 
author will merely staUi in (k'tail his ideas of what the bridge engineer's 
treatment of others and their treatment of him ought to !)e, in the hope 
that his suggestions may prove useful to his profijssional brethren, and 
may eventually aid in the? establishment of a complete and universally 
recognized code of ethics for engineers. 

Until quite reccnitly, the American Society of Civil Engineers has 
rather discouraged the inauguration under its auspices of a code of engi- 
iK^ering ethics; nevertheless the question of its so doing has come up 
from time to time, and not ver}’’ long ago a short and rather incomplete 
code was adoptetl. Its restrictions are all covenMl in the; contents of this 
chapter, which was written as far back as 1907. Any code, to be gen- 
erally acceptable to the profession and to have any prospect of actual 
adoption in engineering practice, would hav(' to be essentially different 
in charactcT from inaii}'^ of those that have b(*en siigg('sted in more or 
less detail l)y certain engiruvrs. The engineering profession is not com- 
1 >os(mI of saints nor of mean-spirited hy]X)crites, who, when struck on one 
ch(^ek, make a practice of turning tlw^ other for another blow, but of 
courageous, hard-fighting mc'ii, \vho are learning to stand up for their 
rights, and who will not brook imposition. If the engineering profes- 
sion were limited to cultunul gentlemen, the ideals of these ethical dreamers 
might be materialized; but, unfortunately, there are all kinds and con- 
ditions of engineers (real and so-called), ranging from the broad-gauge 
consultiog engineers and the chief engineers of our principal railways 
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and manufacturing corporatioiR?, trained at college and in th(? technical 
schools, to the rodiiK'ii or even the roustabouts on surveys; for in this fre(5 
country of ours any one may call himself a civil engineer, provided he 
can read anti write and has had a little pratJtical experience in a most 
subordinate capacity on some line of engineering construction. Are these 
rodmen, roustabouts, highway bridge agents, and others of that ilk to 
be considered by the enginetTs at or near the top of the profession as 
professional brethren and treated with all the courtes}" that they would 
naturally show' to their peers? Decidedly not. They should, of courses, 
be treated courteously; but when thc^y have the effrontery, as they some- 
times do, to advance their opinions concerning important technical mat- 
ters in opposition to those of engineers w'ho have an acknowledged right 
to be considered authorities, they should be relegated to their proper 
place, even if it require some plain speaking to put them there. Engi- 
neers of acknowdedged standing should have the privilege of drawing the 
line somewdicrc and of saying wdio are and w'ho arc not worthy of be- 
ing considered in their class. For bridge engineers the best criterion is 
the question, “ Does the man under consideration belong to the national 
society of civil engineers, and, if so, in w’hat grade? As every high- 
class bridge engineer either does or should bedong to that society, no hard- 
ship wdll be done if an individual w’ho is not a member thereof in any 
grade and w’ho poses as an expert bridge enginc'c'r wdien competing for 
w'ork is refused the consideration due an engineer of generally acknow- 
ledged standing. 

But some ethical cranks will say, “Engineers ought not to compete 
for w'ork, for by so doing they wdll lower the standing of the engineering 
profession and bring it into disfavor wdth the publicr.'^ Such a sentiment 
as that is maw'kish humbug and unw'orthy the considc'ration of any live 
man; for in this rapidl}’^ developing country competition in all w'alks of 
life is inevitable. If it wx'rc suppre.s.setl in engiiKuuing, the profession 
would receive a serious backset to its development; because the unscrupu- 
lous, the incompetent, and the ignorant practitioners, if sufficiently ag- 
grc.ssive {as they certainly are) would secure all the w'ork; and the science 
of design would soon degenerate into rule-of-thumb practice. It is not 
unusual in bridge W'ork for the contractor (w'ho often dubs himself an 
engineer without having any real right whatsoever to that title) to make 
the claim that he is better posted on bridge (h^signing and construction 
than the consulting engineer who has made a life study of the subject; 
and not infrequently he succeeds in impressing this belief on inexperi- 
enced and unsophisticated persons who liave l)ridges to build. When a 
bridge engineer encounters opposition of this kind, he ought to be at 
liberty to express hirnsedf freely concerning the ndativc standing of true 
bridge experts and incompetent, ignorant contractors. His doing so is 
no breach of real engineering ethics. 

Again, certain sentimental engineers contend that it is infra dig. 
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for an engineer to patent anything that he discovers or evolves, Ix'caiise 
it is detrimental to the high standing of the engiiKjering prof(\ssion and 
tends to retard progress. Surely “the laborer is worthy of his hire^’; 
and if men in other walks of life have the privilege of patenting their 
inventions, why should not engineers? To bar them thus would be to 
put the profession at a disadvantage instead of enhancing its dignity as 
claimed. Most assuredly, every engineer who evolves anything patent- 
able upon which he can make money by securing exclusive rights to man- 
ufacture or use, and who does not avail himself of the privilege which' 
the laws of the (sountry grant, makes a mistake. It is all very well to 
bo generous to one^s professional brethren, but it is more important to 
•be just to oneself and to those who an? dependent upon one. A great 
many of our large industries arc based upon patents taken out by engi- 
neers. Who can imagines the development of the air-brake, the steam 
turbine, the block-signal systems without the protexition and profit af- 
forded by the patent? If the invention must be give'ii to the^ world with- 
out charge, who would spemd the yeai-s and the fortunes devoted to de- 
veloping and perfecting machines such as th(i Curtis turbine? It is a 
well-d(^fined part of (iV(iry system of progressive; government to protect 
and encourage the inventor; and in these days the inventor is largely 
the trained, scientific engin(;er. If a consensus of opinion among (;ngineers 
of reputation were taken on this question of patents, the result would 
certainly be overwhelmingly in favor of the technical inan’s maintaining 
his personal rights. 

The same sentimental engineers before mentioned contend that one 
engineer should never criticize another (;ngineer or his work, 'fins is 
eminently right and proper under some circumstances, but not always. 
For instance, if a man do(*s something wholly unprofessional or dishon- 
orable, or if his work is of a dangerous character, it would be absurd 
sentimentality to refrain from criticism merely from notions of ethical 
propriety- -in fact, in some cases it would be most re]n*eh('nsil)lc. 

Again, obj(;cti()ns have been raised to an engineer’s furnishing infor- 
mation gratis to prospective clients, on the plea that it is ruinous to the 
profession to do so. This, as a rule, is cornn’t; nevertluJess there are 
occasions when an engineer is able to tie up for himself future engineering 
work of great magnitude by giving at the outset his s(*rvices free of charge 
to the promoters; and he wouUl be foolish if lu' did not avail himself 
of such opportunities. At the siune time, if he fails to bind the pro- 
moters in writing to retain him in case' the project materializes, he makes 
a grave mistake as far as his own interests are (*onccrn(;d, and he does 
not do his duty by the profession, because he lowers the; value of engineer- 
ing knowledge in the public mind and cncoui ages dishonest practice among 
promoters at the expense of engineers in general. 

Following the lead of other writers on engineering ethics, the author 
will divide ethics for bridge engineers into the following heads: 
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1. The duty of the bridge engineer to the profession. 

2. The Halation of the bridge engineer to his professional brethren. 

3. The duty of the bridge engineer to his clients or employers. 

4. The duty of the bridge engineer to his employees and theirs to him. 

5. The duty of the bridge engineer to his contractors. 

6. The duty of the bridge engineer to the public. 

7. The duty of the bridge engineer to himself. 

Each of these divisions will be considered separately. 

Tub Duty op the Hridge Engineer to the Profession 

It is the duty of every bridge engineer at all times to do his utmost to- 
advance the interests of the engineering profession not only by the nega- 
tive method of refraining from all unprofessional actions but also by the 
positive one of giving direct aid in many ways. He should exert his ut- 
most efforts to maintain its dignity, to raise its standing in the commu- 
nity, and to enlarge its fiedd of usefuliK'ss. He should conform to all of 
its unwritten but generally accepted rules, should refrain from unfriendly 
or censorious comments on the profession as a whole or on any of its 
members, should adopt every legitimate means of adding to the accu- 
mulated knowledge of the profession, and should give due credit and 
deference to his seniors by recognizing readily and plainly what they 
have done for thcj sciemee of (mgiiieering. He should be absolutely hon- 
est in all that he does, whether it be in paying just debts, dealing with 
subordinates and contractors, preparing spc(?ifi(^ations and other docu- 
ments, or making scientific technical investigations. Not only should he be 
honest, but his life both in public and in private should be above reproach. 

He should make a practice of giving to his brother bridge engineers 
the ben(;fit of all that he discov(^rs, mainly by the writing of books, pam- 
phlets, and addresses, ii(?ver entertaining for a moment that false, selfish, 
pseudo-economic notion that what he learns should be hoarded for his 
own personal benefit only. 

Ho should make a jioint of seizing cvv.vy opportunity of aiding to de- 
velop the young engineers with whom he is thrown in contacit by giving 
them explanations of difficult points, advice, and other help; and, when 
asked to do so, he should lecture to (engineering students on technical 
matters that will prove interesting and valuable to them, without making 
any charge for such services; for it is the boundeii duty of every success- 
ful engineer to aid the professors of civil enginc^ering by teaching their 
students concjerning practical matters that are not treated in the text- 
books and about which the professors are not so well informed as he. 

In addition to leading a moral life, the l)ridge engineer should avoid 
minor offences against the proprieties and the established customs of 
engineers, being specially careful not to advertise himself improperly. 
It is unnecessary to suggest anything about the rejecting of commissions 
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or bribes of any kind offered him by contractors or other interested par- 
ties, except to point out that all such vicious conduct should be well ven- 
tilated in the technical press, and that the perpetrators of the attempted 
fraud should receive no mercy. Wliile it may seem prudish for an en- 
gineer to reject such small favors as a proffered cigar, it is best to be on the 
safe side, and thus give captious critics no opportunity to question the 
engineer’s integrity. Such fastidiousness, however, may be carried to an 
extreme, as was evidenced once some years ago by a young engineer who 
stated that the author had tried to bribe him by asking him to luncheon. 
While no right-minded individual can object to the courtesies usual among 
gentlemen passing between tlic contractor and the (uigineer, there are 
always evil-minded persons on the lookout to make trouble, hence it is 
inadvisable for the contra(;tor and the engineer to be seen together any 
more than is ne(;essary for them to attend to the business which they 
have in common. The author carries this prticaiition so far as to make 
a practice when stopping at a contractor’s camp for a meal either to 
pay for it or elsc^ to tip the cook or waiter so liberally as not to leave him- 
self pecuniarily indebted for the courtesy and convenience afforded; and 
he is very strict about insisting that none of his field men accept similar 
courtesies from the contractors without returning fully the compliment 
in some manner. 

It is improper for an engineer, unless he has just cause, to speak slight- 
ingly of the work qr opinion of a brother engineer; and he should never 
exhibit jealousy of the success of others. He should avoid expressing 
hastily formed opinions; and, oxcoi)t under unusual circumstances, he 
should not offer t(M?hnical advice when it is not solicited. 

It is claimed by some that an engiiuHT should never submit plans 
on approval; and, in the main, the claim is correct, but there arc cases 
in which, when an engineer has to meet the persons interested in a bridge 
project, it hel])s him materially to show a sketch of the style of structure 
he would suggest for the proposed crossing. Under these conditions it 
is perfectly l(‘gitimatc for him to prepan^ and offer su(?h preliminary plans. 
Again, when trying to convince county commissioners and men of that 
stamp that it pays to retjiin a s|KM*ialist to d(*sign and supervise the man- 
ufacture and construction of tlndr proposed struerture, especially when 
for reasons of their own they prefer the “good, okl-fashioncd way of let- 
ting bridges,” a bridge engiruM'r is sometimes told that they have no 
means of knowing whether the work can be done for the amount of his 
estimate, and on that account thc'y arc unwilling to bind themselves to 
pay the engineering fee asked. All that he can then do to secure the en- 
gineering work is to offer to prepare the pndiniinary plans and complete 
specifications and let the commissionei*s submit them to bidders for ten- 
ders. Then, if tli(^ lowest responsible bid is so much in excess of the esti- 
mate as to be too high for their means, the commissioners may reject 
the papers and not pay anything for their preparation. Any bridge 
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engineer who has the courage to back up his convictions in this manner 
should not be debarred from doing so for fear of violating some principle 
of etiquette. 

Somctiines engineers are requested to guarantee their estimates; but, 
except in tlie type of case just referred to, it is improper to do so, not 
only because of its lowering the dignity of the profession, but also be- 
cause it is a very risky thing to do. After an engineer has gone to all 
the expense incidental to the preparation of plans, inspection of materials, 
and supervision of at least a portion of the construction, if the foundations 
assumed prove to be inadequate and the cost of the substructure be ma- 
terially increased, it would bo rather sc'vere punishment for an unavoid- 
able miscalculation of cost if he were deprivctl of all or even a portion of 
his fee, especially if, according to contract, he were reciuired in any even- 
tuality to finish the work of sui)ervision. 

Sometimes an engineer is asked to give a pecuniary guarantee that 
a movable bridge of his designing will work properly. His answer to the 
demand should be a refusal, unless the proposed structure be one on 
which he controls the patents and claims a royalty. Kven then th(^ giv- 
ing of such a guarantee is a risky thing to do; because, generally, he has 
no control over the manufacture of the machinery. 

Bridge cnginc'crs should not enter into competition with each other 
to the extent of cutting rate's, as such action lowers the profession in the 
eyes of the public, besides tending to keep down the compensation of 
engineers in general. It is far better to tender standard rates and fight 
for the work upon the basis of profi'ssional standing, excellences of elesign, 
and re^putation fe)r finishing one’s brielge^s satisfactorily te) clie'iits. 

Brielge engine*ers should avoiel e?e)nne;cting themselves officially with 
any scheme or project that is meredy of a speculative^ ediaracter, or that 
is chimerical, or that is ne)t backed by real merit. Of course, if one is 
offered a retainer to elo se)me‘ work on such a project or to report upon 
its value, it is not nee*e*ssary for him to reifuse the work jind the fe^e at- 
tacheel, unless he can see that the promoters simply want to use his es- 
tablisheMl reputation as an endorsement of their enterprise. Whether one 
is willing or not to work on a project of doubtful (?xp('diency is more a 
matter to be solved by personal considerations of professional reputation 
than it is a question of engineering ethics; nevertheless there are thosd 
who claim that the acceptancie of a retainer on such a project is a viola- 
tion of the unwritten code. Again, one must not forget that every proj- 
ect must have a beginning and that many which do not promise well 
at first are ultimately suc(;essful; while, on the other hand, many of those 
which at the outset appear most roseate prove eventually to bo failures. 

In regard to the ethics involved in the giving of expert testimony 
many engineers disagree. Some say that no expert witness should be in 
the pay of edthor contestant, but should receive his fee from the court. 
This method would be ideal; but the established law-customs of America. 
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would have to be overturned before such a radical change could be ef- 
fected. It seems a shame that such should be the case, because the 
sight of a number of engineers of good standing all testifying in a legal 
controversy in the most partisan manner and pledging their reputations 
as to the correctness of diametrically opi)oscd statements is not very 
edifying, nor is it conducive to elevating the engineering profession in 
the esteem of the public. The author makes it his policy to refuse, when- 
ever possible, to give expert evidence; and when he cannot avoid it, he' 
explains in advance to the client that he will tell exactly what he knows 
or ascertains by investigation, no matter who will be benefited or injured 
by his testimony — ^in fact, that ho will not be i)artisan under any consid- 
eration. It is hardly necessary to say that he is not very often sought 
after as an expert witness. J^ridg(5 engineers in gcmeral might do well 
to take the same stand on this point, for the reasons that the role of ex- 
pert witness is a difficult one to fill satisfactorily, that it is nearly alwjiys 
attended by considerable grief, that the compciiisation it brings is too 
small, and that one makes through it more enenii(\s than friends. As a 
compromise, one might arrange for a certain fee, fixed in advance, to 
investigate and report upon the case at issue; tlum, if the result be unfa- 
vorable, drop it t)ermanently, but otherwise (for an additional fee) con- 
tinue it and give evidence, the decision concerning continuance, however, 
being left (uitircly to the engiiUHT. 

The bridge engineer should confine himself to (uther purely professional 
work or contracting. lie should never attempt to do both, although it 
would be perfectly proper for him to change from one line to the other. 
This is a case of where “no man can serve two masters.^' If he is a pro- 
fessional bridg(^ engineer, lie ivill require all work to be done in the best 
practi(^able manner consistent with reasonable expense, while if he is a 
contracting enginecir, his object will lx*, to have it done as inexpensively 
as po.ssibl(\ These two points of view an^ ineconcilable. It is true that 
with very broad-gauge men they approach each olh(»r more or less closely, 
but they will never meet; hence, if an engineer is to be thoroughly con- 
sistent, he should remain on one or the other side of the fence, and should, 
under no cinannstances, attempt to straddle it. If an engiiKX'r is in the 
bridge-contracting line and at the same tinier makes plans, specifications, 
and estimates for (ilients, he will antagonize tlu^ regular consulting engi- 
neers, which, to say the least, is bad policy; and if he is a consulting 
bridge engineer, he will give deep offence to bridge builders, if he ever 
takes a contract for construction. Moreover, no engineer who attempts 
both consulting practice and contracting simultaneously will ever be able 
to secure public confidence to anything like the extent which he would 
were he to confine his attention to purely professional work. 

Once ill a while a bridge engineer is asked to give a personal bond 
guaranteeing his faithfulness and integrity; but it is invariably refused. 
Such a request is an insult to the engineering profession. No lawyer, 
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doctor, or clergyman is ever asked for such a guarantee, therefore why 
should an engineer be? The man who could ask an engineer for such a 
bond is probably untrustworthy himself, and would not hesitate to work 
against his employer’s interests, if by so doing he could secure personal 
gain. He does not recognize the high standard of integrity that almost 
invariably governs the actions of civil engineers. 

Bridge engineers are sometimes requested to prepare competitive plans 
for proposcul structures. They should refuse to do so unless they receive 
a fair compensation for the time and expense involved, and unless they 
are promised the engineering of the structure if they are the winners in 
the competition, and unless the judges who arc to make the award are 
competent and honorable men. Otherwise, the result of such a competi- 
tion is almost certain to be loss of time, money, and temper for most, 
and probably all, of the competitors, as well as the cheapening of engi- 
neers’ work and injury to the profession. The author can speak on this 
point with authority, for in times past he entered several competitions, 
and although apparently successful, he failed to make more than enough 
money to cover expenses. 

There appears to be some uncertainty in the minds of engineers in 
general about the propriety of one’s utilizing in his business any special 
professional degrees that he has received. There ought to be no objec- 
tion raised to his using them on his professional cards. This is done in 
England, where engineers are prone to look askance at nearly every 
method of professional advertising. Beyond this the author does not 
believe in going; for he would not advise employing such degrees in cor- 
respondence or in making reports, as the term “(’ivil Engineer” or “Con- 
sulting Engineer” aft(;r the signature should suffice. Of course, on the 
title-page of a technical book, an cngine(jr-author has the privilege of 
stating all the distinctions that he has ever earned. 

The Relation of the Bridge Engineer to His Professional 

Brethren 

The question of who are to be considered as the bridge engineer’s pro- 
fessional brethren has been treated in this chapter already. With the 
restrictions indicated it is not very difficult to state the principal rules 
of conduct that should guide a bridge engineer in dealing both with his 
fellows and with those outside of the pale. When he comes in contact 
with quacks and charlatans, he should not hesitate an instant about ex- 
posing them in as public a manner as possible, and he should refuse to 
consult with them or to have anything to do with them professionally. 
They arc not worthy of consideration, for to their ignorance, presump- 
tion, and dishonesty are due the failure of many worthy enterprises and 
the destruction of bridges that in the aggregate have cost a vast sum of 
money. The blame for these failures and disasters has generally bepn 
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saddled upon the engineering profession, notwithstanding the fact that 
the guilty parties were not bridge engineers in any sense of the word. 
But when dealing with any one who is rightly considered an engineer and 
whose reputation is sound, the bridge engineer should act with the great- 
est consideration and courtesy. He should be as careful of the reputa- 
tions and rights of brother engineers as he is of his own. When called 
in to examine the work of another engineer he should refuse to do so 
unless the said engineer agrees to accept him; and if he finds anything 
about the plans or construction of which he does not approve, he should 
consult fully with the other engineer so as to give him an opportunity 
to explain his reasons for designing or building in the manner criticized. 
In reporting upon the work, the consulting engineer should deal as gently 
as possible with his brother engineer’s faults, and should take pains to 
call attention to the various good points in the design and construction. 
While making 'the report full and thorough in every particular, omitting 
no matter of irnportaiKje and stating clearly his objections to every feature 
of whi(;h he cannot api)rove, he should be careful to humiliate his brother 
engineer as little as possible. 

It goes without saying that one should never try to undermine another 
engineer so as to secure his position. Such an action would be preju- 
dicial to the general reputation of the engineering profession, besides being 
undeniably s(dfish and improper. 

No bridge engineer should attempt to take away the employees of a 
brother pracjtitioner; but, should any of them apply to him for work, 
before considering such application he should consult with their employer 
and learn whether it is perfectly agreeable to him to k't them go. 

No bridge engineer should give an endorsement to an assistant unless 
he is really worthy of it, no matter what the temptation to do so may 
be; because such an improper endorsement would deceive his brother 
engineers and would tend to lower the status of the profession. 

No bridges engineer should consider accepting a position already held 
by another engineer, unless that engineer’s resignation or dismissal has 
already been announced. 

It is advisable, although not obligatory, that bridge engineers should 
adhere pretty closely to their own line of work and not cut into those 
of others. By so doing they are likely to keep more popular profession- 
ally than they would if they made a practice of wandering into neigh- 
boring fields of occupation. It is no crime, though, for a specialist to 
cover more than a single line of work in his practice, especially if he has 
a partner or partners who are versed in other lines than his. 

Whenever a bridge engineer encounters in his practice features of 
design or construction with which he is not familiar and which are outside 
of his specialty, he should call in to his assistance the best engineering 
talent he can secure. If practicable, he should make his client pay for such 
expert services; but if not, he should pay for them himself. The expert 
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thus called in, before sending his bill, should ascertain who is to pay it; 
and, if it be his brother engineer, he should make it as small as he con- 
scientiously can. He ought not to be expected in such a case to work 
for nothing; but he should not charge for any advice of a general nature 
which he can give his brother engineer without expense to himself. One 
should be very chary, however, of asking for assistance for which he 
cannot pay, as so doing tends toward imposition on good nature. 

Ingratitude and forgetfulness of past favors are an indication of an 
unworthy nature, and as such are a violation of the ethics of engineering. 
Instances of these objectionable traits are, fortunately, rather rare, al- 
though not entirely unknown in the engineering profession. 

The Duty of the Bridge Engineer to His Clients or 

Employers 

When a bridge engineer is retained on any work, it is his duty to d('- 
vote his energies loyally and conscientiously to the interests of his client. 
Nothing should be allowed to stand in the way of his duty, unless the 
demands of the client conflict with the engineer\s sense of what is right 
and just. In such a case he should argue the matter with his employer 
until one or the other is convinced; and if an agreement cannot be reached, 
the engineer should tender his resignation, for he cannot afford to have 
his name conm^cted in any way, either directly or indirectly, with any- 
thing savoring of fraud or injustice. Usually, wluui an engineer takes 
such a firm stand as this, the clhuit will give in and will be persuaded 
to do what is right. Engineers are sometimes asked to falsify reports 
and estimates or to give false evidence on the witness stand; but a firm 
negative to the request ivill generally eff(»ct its withdrawal. If it does 
not, there is only one thing for the engineer to do, no matter what the 
co.st to him.self may be. 

A. bridge engineer should always insist that the amount of his fee for 
any work be fixed in advance of his undertaking it. If he is careless 
enough to fail to do so, he may have either to permit the client to deter- 
mine the amount or to rc.sort to the courts for collection. 

Within the limits set by the demands of honesty and integrity, an 
engineer cannot be too loyal or too devoted to the interests of his client. 
He should fight for his client^s rights as he would for his own, and should 
aid him with advi(!c whenever opportunity offers, even if such advice is 
not solicited. Whenever he .sees that his client is about to make a mis- 
take of any kind, he should warn him and should u.so every possible means 
to convince him of his error. 

Unless it is otherwise agreed upon, the bridge engineer who prepares 
plans has a right to keep the tracings; but the client is entitled at any 
time to as many blue-print copies thereof as he may desire, provided he 
pays the actual co.st of making them. Nor has the client a right to bqild 
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more than a single structure from a set of plans or permit any one else to 
do so without giving the engineer additional compensation, unless, per- 
chance, the contract between the parties was so drawn. 

A bridge engineer need not consider that his entire time and atten- 
tion should be given to the work of one client, unless a special agreement 
was made to that effect; for he should be at liberty to do all the other 
work he desires, provided that ho does not in any way neglect his client’s 
interests. 

A bridge engineer should not permit his clients to give directions to 
any of his employees, as all instructions should be delivered to him di- 
rectly. This is necessary, not only to ensure the work being done prop- 
erly, but also to maintain discipline in the engineering force;. 

It is the duty of every bridge engineer, when preparing specifications 
for submission to l)idd(;rs, to furnish them as full data as possible, in 
order that his client may obtain the lowest possible tenders consistent 
with the securing of proper construction. This matter is treated at length 
in another chapter. 

A bridge engineer must not take that method of settling difficulties 
which is casi(;st for himself, but the one which is best for his client’s interests. 

If a client has any matter that rightfully he deems should be kept 
secret, his engineer should not only refrain from speaking of it to any 
one hims(;lf, but he should also prevent all his employee's from so doing 
— if necessary, by throat of dismissal. 

In all cases reports should be made with perfect frankness, even though 
they be displeasing to the client. 

The study of true ('conomy in designing and construction, or, in other 
words, the avoidance of all extravagance, is an important duty of a bridge 
engineer to his client even if his own personal labor is materially augmented 
thereby. 

No true bridge engineer will ever be persuaded cither by contractors 
or clients to call for bids on a structure upon the basis of the bidders sub- 
mitting competitive plans, for not only docs this method involve an ac- 
knowledgment of his technical inferiority to those; thus invited to tender, 
but also it results in procuring for his clients designs which are greatly 
inferior to the best possible that can be evolved. 

The Duty of the Bridge Engineer to IIis Employees and 

Theirs to Him 

The bridge engineer’s duty toward his emplojT'cs consists mainly in 
seeing that they arc sufficamtly compensated for their services, whether 
they be paid by him or by his clients, that they are invariably treated 
kindly and courteously, that they are allowed (;very opportunity to ob- 
tain valuable experience, that a personal inten;st is taken in their wel-. 
fare and professional advancement, that they are given full credit for all 



1630 


BRIDGE ENGINEERING 


Chapter LXXVII 


original or special work which they do, and that when they leave they 
receive (if they are worthy) good recommendations to aid them in secur- 
ing other positions. The bridge engineer should encourage his subordi- 
nates to join the leading engineering societies, and should direct their 
technical reading and advise them concerning professional matters, to 
the end that they may develop to the utmost the best that is in them 
and make themselves worthy members of the engineering profession. 

When issuing orders, the bridge engineer should give them to the 
engineer in charge and not directly to the draftsmen or underlings; be- 
cause if he does deal directly with such subordinates, he upsets the routine 
of the work and breaks up the discipline of his organization. There are 
times, though, when it is necessary to depart from the observance of this 
rule, such, for instance, as when the engineer in charge is absent; and 
then the latter as soon as possible should be told courteously of the direct 
instructions and the reason why they were so given. 

The duty of the ernplo3'ee to the bridge engineer consists mainly in 
doing his work thoroughly and to the best of his ability, working full 
time always and overtime when it api)ears necessary, studying how best 
to make himself useful to his emplo^^er, and acting lo^^ally to him at all 
times in both word and deed. No subordinate has a right to work during 
his spare time for other parties in order to increase his income, because 
all his energies belong to his emploj^er. If he does work thus at night 
and on Sunday's, he will be so tired during office hours that he will not 
be able to attend properly to his regular duties, and, consequently, his 
eini)lo.ver will he defrauded. Moreover, his doing such outside work is 
generally in direct competition with his employer, as it would naturally 
be brought to the office were it not that the one who wants it done thinks 
he can obtain it more cheaply from the employee than from the employee’s 
principal. It would be bad policy for a bridge engineer to retain in his 
service any employee who does outside work in this way. 

The Duty of the Bridge Engineer to His Contractors 

The treatment of his contractors by a bridge engineer should be cour- 
teous but firm, kindly but with dignity, liberally but with strict justice 
both to them and his clients, lie should do all that he can to aid the 
contractors to finish their work expeditiously and economically, so that 
they will make a fair profit, providing his principals secure satis- 
factory construction. He should brook no interference or dictation from 
contractors, yet should always listen to any of their suggestions when 
politely made, and should act thereon if, in his opinion, to do so would 
be good policy. If he can legitimately grant them small favors in respect 
to payments on account, he should so oblige them, provided that he sees 
they are in pecuniary difficulties, and provided that he in no way jeop- 
ardizes his client’s money. In short, he should be their true friend in 
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every sense of the word without laying himself open to any charge of 
impropriety. In dealing with all disputed points between his client and 
the contractors, the bridge engineer should not forget that he is to act 
in a judicial capacity, and not as a partisan. 

The Duty of the Bridge Engineer to the Public 

Most engineers neglect their public duties, probably for the reason 
that they are always extremely busy, but possibly because they are so 
intensely interested in their professional work that they hate to spend 
much time on anything else. They should, however, devote at least as 
much attention to political and social matters as good citizens who be- 
long to other professions usually do — possibly more, for an engineer from 
his practical training is in position to give sound, valuabl(^ advice con- 
cerning matters of public policy, and his broad and liberal education 
ought to make him an interesting member of the social world. It would 
be too much to ask him to hold public office, for he has not the time to 
spare; nevertheless, he should be willing to act as adviscT on matters of 
public policy. If engineers w(tc to make a point of doing so, the effect 
would certainly be to (;ause the profession to be better known and more 
highly appreciated by the public. 

The Duty of the Bridge Engineer to Himself 

In addition to his duties to everybody else, the bridge engineer has 
duties to hims(‘lf' whi(;h he should not nc'glect. He owes it to himself to 
make the b(?st of all legitimate oiiportuiiities for profc^ssional and jjecu- 
niary gain, to defend his professional character from all assaults, to main- 
tain his reputation for strict honesty and for the i)rompt payment of all 
obligations, to make all who know him recognize that his word is as good 
as his bond and that a promise once given by him is certain to be fulfilled, 
to obtain a reputation as a man of science through his technical investi- 
gations and, if practicable, also through suitable recognition of his worth 
by means of scholastic and other honors, and to broaden his general 
knowledge and experience so as to make himself what is popularly 
known as an “all-around man.'' 

In concluding this chapter the author desires to repeat the hope that 
the da3" is not far distant when the engineering profession will possess a 
firmly established and complete code of ethics; but he recognizes that it 
would always be very difficult to enfori^e the regulations of siufh a code 
or to penalize engineers for violations thereof, except in the extreme case 
of glaring dishonesty, when it would be practicable to punish the guilty 
person by expulsion from all the technical societies of which he may be 
a member. 
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GENERAL SPECIFICATIONS GOVERNING THE DESIGNING OP THE SUPER- 
STRUCTURES OF STEEL BRIDGES, TRESTLES, VIADUCTS. AND 
ELEVATED RAILROADS* 

Classification 

1. Classifimiion of Bridges in General 

As regards these speeifieations, all structures are divided into two gen- 
eral classes, viz., railroad bridges and highway bridges. The designing 
of these classes will diffiT mainly in the loadings and in certain limita- 
tions of sizes of parts; and although the s]iecifieations are written so as 
to cover both classes, no troubh' whatsoi'ver should be experienci'd by 
the designer in applying them to any particular class or to any type of 
structure. Electric railway bridges shall conform to the specifications for 
highway bridges, except as otherwise provided. 

2. Classification for Highway Bridges 

Highway bridges shall be divided into three classes, viz.. Class A, 
which includes those that are subject to the continued application of heavy 
loads; Class B, which includes those! that are subject to the* occasional ap- 
plication of heavy loads; and C'huss C, which includes those for ordinary, 
light traffic. In general, it may be statc?d that bridges of Class A are for 
densely populated cities, those of (ylass li for smaller cities and manu- 
facturing districts, and those of Class C for country roads. 

Materials 

3. Metal Portions 

In steel superstructures all the parts besides the ties, foot-planks, and 
guard-timbi'rs of railway bridges and the flooring, pavement, and foot- 
walk slabs of highway bridges shall b(' of either medium carbon steel or 
nickel steel, excepting only that bolts and adjustable members arc to be of 
soft carbon steel and rivets of either soft carbon steel or low nickel steel, 
and that cast iron may be used for purely ornamental work, lamp-posts, 
larg(j base plates, and a few minor parts of operating machinery for movable 
spans. 

* Appciid(Ml to this chapter is a clause index for tlie use of those who desire to 
design bridg(\s according to these specifications. 
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4 . Timber Portions 

Cross-tics, foot-planks, and guard-timbers of railway bridges, and 
joists, planks, guard-rails, and paving blocks of highway bridges, also all 
other timb(T portions of all bridges, shall bo of long-leaf, Southern yellow 
pine, Douglas fir. Pacific Coast cedar, or other timber which, in the opinion 
of the Engineers, is equally good and serviceable. 

Railway Bridge Floors 
5. Timber Floors 

In railroad bridges the wood('n floor shall be so designed as to ensure 
safety from passing trains for the railroad employees, refuge bays three 
(3) feet by thn'e (3) feet outside of clearance being provided every one 
hundred (100) feet for deck spans. The spaces l)etw(?en the ties shall 
not, in general, be less than fiv(^ (5) inches nor more than six (6) inches 
wide. The sizes of the ties shall be such as to give the requisite resistance 
to bending, under th(^ assumption that the load on one pair of wheels is 
distributed equally ov(t three ties, the effect of impact being considered. 

All ties shall be proportioned by the formula, 

M = ^RbeP, 

where M is the greatest bending moment in inch-pounds upon a tie, R 
is the intensity of working stress in pounds per square inch, b the width of 
the tie in inches, and d the depth of same in inches. 

The net dimensions of timber shall invariably be employed when using 
the preceding formula. 

No tic shall b(^ less than seven (7) or, preferably, eight (8) inches wide, 
nor less than eight (8) inches deep, nor less than t(‘n (10) feet long, ex- 
cept in tlu^ case of (devated railroads, where the length may b(^ reduced 
to eight (8) f(*et and the depth to six (0) inchc's for a spacing of five (fi) 
feet between (M'litral planes of longitudinal girdc'rs. 

Tii^s shall Ix' dapjX'd to a full and even bearing not less than onohalf 
(Yi) i'lcli on to the stringers; and each alternate ti(‘ shall be sc'cured thereto 
at each end by a tlinxMiuarter inch hook bolt, having at the hook 
end a square shank at h'ast two (2) inches long to prevent the bolt from 
turning. 

All timber bolts shall bo of soft steel. 

Outer guard-timbers shall be 6" X 8" laid on flat, dapped one (1) 
inch on to the ties, and placed so that their inner faces shall be not less 
than twelve (12) inches nor more than fifteen (15) inches from the gauge- 
planes of rails. 

Wliere inner guard-timbers are employed, they shall be 6" X 8" on 
flat, dapped one (1) inch on to the ties, and placed so that their outer 
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faces shall be just five (5) inches from the gauge-planes of rails. Steel 
rails or hc'avy steel angles effectively braced and well fastened to the ties 
are preferable to tlu' inner wooden guard-rails — or the inner guards may 
b(5 omitted altogether, if so required. 

Each timber guard-rail must be bolted to each alternate tie by a 
three-quarter inch bolt having a cup-washer above and an ordinary washer 
below. Each guard-timbcT must be spliceil over a tie with a half-and- 
half joint of at least six ((>) incihes^ lap, through which must pass a three- 
quarter (? 4 ) inch bolt. Lag-screws may be substituted for the bolts with 
the written permission of the Engineers. 

Guard-rails shall extend over all piers and abutments. 

Steel tie-plat(\s shall b(' uschI Ix'tween all rails and ties, and the rails 
shall be attached to the ties by sptHual scn^w-bolts and washers, unless the 
Engineers shall direct otherwise in writing. 

G. Ballaslcd Floors 

A buckh'd-plate floor with ties in ballast may be used instead of the 
wooden floor, in which case the size of the ties may be reduced to G" X 
8" X 8'. All buckled-plate floors must be thoroughly drained, so as not 
to retain wat(T, and the upper surface of th(‘ buckled plate must be pro- 
tected from rusting by a liberal use of the best obtainable' jm'servative 
coating. A solid timbc'r floor supporting ballast and tie's may alse) be 
adopted, in which e*as(' the' timbe'rs are to be creosoteel or othe'rwise treiatenl; 
anel the entire live load, iini)ae*t le)ael, anel ele'ael le)ael e)f a panel may bo 
assumenl to be uniformly elistributed ove'r the whole are'a of the panel that 
is covereel by the^ ballast. Or a reinforceel concrete slab mth upturned 
sides to retain the ballast may be employe'el. 

7. Trough Floors 

A steel trough floor having a wooden lie in each trough, either with 
or without ballast, may be substituteel for the types previously specified. 

8. Floors on Skew Bridges 

The ends of deck plate-girders and track-stringers of skew railroad 
bridges at abutments shall be square to the track, unless a ballasted floor 
be used. 

Highway Bridge Floors 

9. Timber Floors 

In highway bridge's tlu^ sizes of the timber joists shall be such as to 
giv(j the r('(|uisite r(\sistance to bending, tlu^ effect of impact being con- 
sidercMl; but no joist shall be less than three (3) inches wide or twelve 
(12) inches deep. 
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As a rule, the depth of a joist shall not exceed four (4) times its width. 
Otherwise, the joists shall be properly bridged at distances not exceeding 
eight (8) feet. 

They shall be proportioned by the formula given previously for ties. 

Joists shall be dapped at least one-half inch upon their bearings, 
and shall have their tops brought to exact level before the planks are 
laid thereon. 

They shall bo spaced not to (‘xceed two (2) feet between C('ntres, shall, 
preferably, lap by each other so as to ('xtend over the full width of the 
floor-beam, and shall be sc'parated half an inch, so as to permit the circu- 
lation of air. The outside joists, however, shall abut so as to provide? 
flush surfaces from end to end of span. 

When stc'el joists are used, wooden shims, at least four (4) inches deep 
by six (6) inches wide, shall be effectively boltc'd to their top flanges through 
holes therein, or else secured thereto by approved metal clips. 

Floor planks for the main roadway shall be at Ic'ast tlin'e (3) inches 
thick and from eight (8) to t(‘n (10) inclu^s wide, and shall lx? laid, either 
transversely or diagonally but never longitudinally, with oiuMiuarter ()4) 
inch op('nings. Each plank shall be spiked to each joist on which 
it rests by Iavo (2) sev('n (7) inch cut spikes, th(' holes for which shall be 
bored in order to avoid splitting tin? timlxT, or (‘Ise by two (2) s(?ven (7) 
inch wire nails. 

Whenever a wearing-floor is used, the lower planks must lx? planed on 
the upjx'r side and sized to a uniform thickness, and the W('aring-floor 
must be planed on the lower side so as to ensim' a perfect Ix'aring Ix'tween 
the upper and the lower layers. The i)lanks of the W(‘aring-Hoor shall 
be laid ('ither transversely or diagonally but ikwit longitudinally; and 
those? in the? lower floor must always be laid in some? other dinxjtion than 
that of the planks of the? upper floor. 

Floor planks for footwalks shall be at least two (2) inches thick and 
not much more nor less than six (0) inclu's wide, and shall be laid with 
one-half inch openings. Each of the said jJanks shall lx* s]nked to 
each joist upon which it rests by two (2) six ((>) inch cut spikes, tlu' holes 
for same being bonxl, or by two (2) six (0) inch wire nails. The floors 
of footwalks shall extend to and coimeci. with the' floor of the main road- 
way so as to leave no open spaces anywluTC' in tin? bridge floor. 

All planks shall be laid with the heart side down. 

There shall be a wheel-guard of a scantling not less than four (4) 
inches by six (0) inches on each side of the roadwaj^ to prevent wheel 
hubs from striking the trusses. It is to be laid on its flat, and blocked 
up from the floor by shims at least one (1) foot long, six (0) inches wide, 
and two (2) inches thick, spaced not more than five (5) fi^et between cen- 
tres, each shim being spiked to the floor by four (4) four and a half (4)^2) 
inch cut spikes. The guard-rails are to be bolted to the floor through 
the centre of each shim by a three-quarter inch bolt, which must 
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also pass through the joist beneatli. When the guard-rails arc bolted 
to the wooden hand-rail i)osts, the bolt-heads an? to be countersunk into 
the guard-rail, so as to make a flush surface on the inner face of same. 
The joints in the guard-rail are to be lap-joints, at least six (6) inches 
long, each located symnK'trieally over the middle of a shim. When a 
bridge is on a heavy grade, the inner, upper corners of the guard-rails are 
to be covered with steel angles fastc'm'd to the timber by counter-sunk 
screws, spacc'd about eighteen (18) inches apart, so as to protect the 
guard-rails from the injurious effects of using them instead of wheel- 
brakes for heavily loaded wagons. 

When woqjden hand-rails are employed, they are to be made of ap- 
proved timber, th(' posts Ix'ing 4" X 6" X 4' 6" to 5', with two (2) runs 
of 2" X 6" timbers (one on its flat and the other below on edge to support 
the first for a hand-rail), one (1) run of 2" X 12" hub-plank, and in some 
cases a run of 2" X 6" plank near the floor. The posts are to bo spaced 
not to exceed ten (10) or, pn'ferably, eight (8) feet apart. The hand- 
railing is to be firmly attached to the bridge and rigidly braced. When 
thc^ rigidity of a hand-railing is dep<'nd('nt upon that of the outer joists, 
the latter must bo properly bridged and stiffenetl. Any other wooden 
hand-railing of ecpial strength and rigidity, and which is satisfactory to 
the Engineers, will, how(‘ver, be accepted. 

When iron hand-railing is employed, it is to be of a firm, substantial 
pattern, pleasing to the eye, and rigidly attaclu'd to the truss(‘s or floor- 
Ix^ains. Roth through and d(X*k bridges are to bc' i)rovided with a hand- 
rail on each side, not less than threx' and a half (3J^) fec^t high above 
the floor. In case there b(» any liability of a hors(? jumping over this 
railing, its height must be incr(»ased to four and a half (4J^) or five (5) 
feet. There must Ix' a hand-rail on the outside of each sidewalk not less 
than three and a half (33^) feet in height above the floor. 

All floor-timbers, guards, and railings shall extend over all piers and 
jxbutments and make* suitable connection with the embankments at the 
ends of the* structure. Aprons or cov(T-joints of st(?el plate shall be pro- 
vided at the ends of spans, if reciuinxl. 

10. Slreel-Railroad Tracks 

Should there be one or more strec't-railroad tracks crossing the bridge, 
there should gciiu'rally be placed direcrtly under each rail a joist or stringer, 
properly proportioned to resist the effect of the total maximum load on 
the rail. The rails shall be so laid as to offer as little obstruction as possible 
to the wheels of vehicles. 


11. Paved Floors 

Wh(^re paved floors arc adopted, the pavement shall be the best of its 
kind, and shall be built according to the latest and most approved sped- 
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fications. Paved floors are always to be supported by a reinforced con- 
crete base resting on steel stringers, preferably of rolled I-beams, spaced 
generally not to exceed five (5) feet between centres. The surface of the 
pavement must be thoroughly drained so as not to retain water. 

12. Superelevation on Curves 

On curves the outer rail must be elevated the proper amount for the 
degree of curvature and for the assumed medium velocity of trains; and 
this elevation must be framed into the ties, or else be provided by raising 
the outer stringer or girder, and depressing the inner one, if necessary. 
The formula to be used for total superelevation on standard-gauge roads is 


where E is the total superelevation in inches of the exterior rail above 
the interior rail, V is the assumed medium velocity of train in miles per 
hour, and R is the radius of the curve in feet. 

The assumed medium velocity of the train in miles per hour shall be 
taken at 

7 = 42 - 1.75D; 

where V = speed in miles per hour, 
and D = degree of curvature. 

The total superelevation is to be obtained by elevating the outer rail and 
keeping the inner rail at grade. The run-ups on the tangents at ends 
of curves are to be not loss than forty (40) feet long for each inch of super- 
elevation. 

In Fig. 8a are given the superelevations required for curves up to 
twenty (20) degrees. 

13. Rerailing Apparatus 

Unless the Engineers give written permission to the contrary, at each 
end of every bridge or trestle there is to be placed a rerailing apparatus 
that will, in the most effective manner practicable, return to the track 
any derailed car or locomotive that is not more than half the width of 
track gauge out of line. 

14. Spacing of Stringers and Girders in Railway Bridges 

In general, stringers for through-bridges shall be spaced from seven 
(7) to eight (8) feet centres for single-trac^k bridges and from six (6) feet 
six (6) inches to seven (7) feet for double-track bridges and half-through 
plate-girder bridges. In elevated railroads the spacing of the longitudinal 
girders may be made as small as five (6) feet centres. Single-track, deck 
plate-girders may be spaced from seven (7) feet to ten (10) feet centrek:> 
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the usual distance being the neju-ost even foot to one-tenth (/lo) of the 
span; but in high trestles the spacing shall, preferably, be ten (10) feet, 
and never less than eight (8) feet. Deck plate-girders for multiple-track 
bridges shall usually be spaced six feet six inches (6' 6") from centre 
to centre. Tlu* spacing of half-through plate-girders shall be made as 
small as the clearance' n'ciuirements will permit. 

When there an' four (4) lines of I-beams per track in short spans or in 
floor systems of other spans, the beams carrying each rail shall be placed 
symmetrically about the centre line of the said rail and not less than 
fifteen (15) inches from centre to centre. 

15. Spacing of Trusses in Rnihray Bridges 

From centre to centre of through trusses the perpendicular distance 
shall not be h'ss than seventeen (17) foot, or ori('-t\v('nti('lh (J 20 ) of the 
span length. 

From centn' to centre of deck pin-conn('(‘t('d or open--\V('bb('(l riveted 
trusses the said perpendicular distance shall not be less than that given 
in the following table, except in the case of (*levat(*(l railroads wIk'h; 
open-w’ebbed, riveted girdc'rs tiro adopted, in which (aise they may be 
spaced according to the directions given for plat('-girders. 


TABLE 78a 

Si AciNcj OF TiirssEs IX Railway Dki’k Biudges 


Ratio of Perpendicular Distance 

Span Length, in Feet between ('entral Planes of 

Trusses to Span length. 


150 I Om*-lhirtcM*nth ('/la) 

200 ! ()n(»-f(Hirl(‘(*iilh ('/14) 

300 i Om^-fiflocnth O/u,) 

400 i Onf^sixtronlh C/ir,' 

500 : f)rio-sf*v**ntconth i'/n) 

600 and over j On(M*ifrhl(*(‘iilh ('/is) 


16. Clearances for Railway Bridges 

In single-track, steam-railway bridges the ck'ar opening on tangent 
shall not be less than that shown in P'ig. 22n'. This diagram will suffice 
for doubl(?-track bridges also by incn'asing the horizontal clearaiKJfi to 
28 feet, wdien the distance from centre to centre of traerks is thirteen (13) 
feet, or to correspondingly gr(?ater widths for grc'jib'r distaiuif's. 

On curved track, the horizontal distance from the cc'iitre of track to 
clearance linij shall be increasiMl thus: 

Singl(?-track through bridges on curves shall have the location of the 
trusses or girders and the width between clearance lines as shown in 
Figs. 8c and 8/. In these diagrams, 
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TT = the lateral clearance from the centre line of track required for tan- 
gent alignment. 

M = the middle ordinate of the curve for a chord equal to the span length. 
X == sxn addition for the overhang of a car 85 feet long and 60 feet from 
centre to centre of trucks, to be taken as 1 inch for each degree of 
curve. 

y = an addition in inches (on the inside of the curve only) on account 
of the superelevation of the outer rail, to be taken as follows: 

sh 

Y = - but not more than 3s, 

5 ^ 

whore s = supen'levation in inches, 

and h = henght of top of car above base of rail in feet. 

For double-track bridges the increase? })etwo(?ii cl(?arance lines shall be 
effected as just explained for the cast? of structurtvs on tangent. 

17. Clearances for Highway Bridges 

The smallest allowable clear roadway shall be twenty (20) feet, meas- 
urtnl b(?tween curb liii(‘s, with ten (10) feet extra for each additional line 
of traffic, (»xec»pting for clw^ap county bridges, where it may be reduced 
to ('ighteeii (18) feet, or even to fourtet'n (14) feet when the bridge is 
so short that no provision not'd be made for teams passing thereon. 

The smallest allowablt? clear headway shall bo sixteen (16) feet, ex- 
cept for bridge's in eitit's where the ordinances rt'quire a greater height, 
or for bridges carrying elt'ctrie, railway tracks, in wdiich structures the 
verti(?al clt'arance should bt', preferably, twenty (20) feet. The corn(?r- 
brackt'ts may, how(?ver, encroach on tht? sp('(?ified clt'ar heatlway, provided 
thc}’^ do not extend either laterally or dowuiward more than five (5) feet. 

18. Spacing of Tracks 

Steam railway tracks shall usually be spaced thirteen (13) feet from 
centre to c('ntr(? and eh'ctric railw'ay tracks ten (10) f('et or more from 
centn? to centre, with a projx'r increase for sharp curvature'. 

19. Effective Lengths 

For pin-connected or riveted trusses the effective length shall be the 
distance? between ce'iitre's of e'liel-pins. 

For plate or ope'n-webbeel riveted girders it shall be either the distance 
betwe?e?n centres e)f bearing-plates or that between ce'ntres of pedestal pins. 

For stringers it shall be the distance between centres of cross-girder 
webs. 

For cross-girders it shall be the perpendicular distance between central 
planes of trusses or girders. 
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For columns and posts it shall be the greatest length between points 
of axis that are rigidly held in the direction in which the strength is being 
considered. 


20. Effective Depths 

Effective depths shall be as follows: 

For both pin-connecttnl and riveted trusses, the perpendicular distance 
between gravity lines of chords (which must coincide with pin centres). 

For plat(vgirders and open-webbed riveted girders, the perpendicular 
distance between c(?ntre lines of gravity of upper and lower flanges, but 
never greater than the distance out to out of flange angles. 

21. Styles of Railway Bridges for Various Span Lengths 

For spans under twenty-five (25) or thirty (30) feet, rolled I-beams. 

For spans between twenty-five (25) or thirty (30) feet and one hundred 
and ten (110) fi'et, plate-girders. 

For spans between one hundred and ton (110) feet and three hundn'd 
and fift}" (350) feet, riveted trusses of single (jancellation. 

For spans exceeding three hundred and fifty (350) feet, pin-connected 
or riveted trusses with subdivided panels. 

The use of pony-truss bridges of any kind is prohibited, excepting 
only half-through, plat('-girder spans, in which the top flanges are h(4d 
rigidly in place by brack(‘ts riveted to cross-girders that an^ spaced not 
to exceed twelve (12) times the width of the top flange. 

In g(;n(Tal, double-track truss-bridges shall have only two trusses, in 
order to avoid spreading the tracks. 

22. Styles of Highway Bridges for Various Span Lengths 

In general, spans of and Ix'low twenty (20) fc^et are to consist of rolled! 
beams or simply wooden joists; spans from twenty (20) to thirty (30) 
feet of rolled b(?ams; spans from thirty (30) to sixty (60) feet of plate- 
girders; spans from sixty (60) to one hundred (100) feet of plate-girders 
or open-webbed riveted girders of single cancellation; spans from one 
hundred (100) to three hundr(?d (300) feet of rivet(Ml trusses; and spans 
exceeding three hundred (300) feet of i)in-connoct(jd or riveted trusses. 

The use of pony-truss bridges of any kind is discouraged, excepting 
only half-through, plate-girder spans, in which the top flanges are held 
rigidly in place by brack(;ts riveted to cross-girders that arc spaced gen- 
erally not to exceed twelve (12) times the width of the top flange. 

23. Forms of Trusses for Railway Bridges 

The forms of trusses to be used are as follows: 

For deck-spans having top chords supporting wooden ties, the War- 
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ren or the Triangular truss with verticals dividing the panels of the top 
chords. 

For other deck-spans and through spans, up to throe hundred (300) 
feet, the Pratt truss. 

For spans exceeding three hundred (300) feet, the Petit truss. 

For through spans up to about two hundred (200) feet parallel chords 
are to bo employed; but for longer spans the top chords are generally to 
be made polygonal. 

It is understood that these limiting lengths are not fixed absolutely, 
as the best limits will vary somewhat with the number of tracks and 
the weight of trains. 

24. Forms of Trusses for Highway Bridges 

The forms of trusses to bo used are as follows: 

For opem-webbed, rivt;tcd girders the Pratt truss, or the Warren or the 
Triangular truss with verticals dividing the panels, the latter being em- 
ployed for deck spans carrying joists resting on the top chords. 

For rivet(‘d si)ans up to about two hundred and fifty (250) f('et, Pratt 
trusses with top chords eith('r straight or polygonal. 

For spans exce('ding two hundred and fifty (250) feet. Petit trusses. 

It is und(Tstood that these limiting lengths are not fixinl absolutely, 
as th(i b(‘st limits will vary somewhat with the width of bridge and the 
liv(‘ load to be carried. 

25. Main Members of Railway Truss-Bridges 

All spans of every kind shall have end as well as intermediate floor- 
beams, riveted rigidly to the trusses or girders, for supporting the stringers. 
TIk; latter are to be rivcited to the webs of the cross-girders, and slnJf 
angles shall be provided to support them during cnH^tion; but the rivets 
attaching the said angles are not to be counted upon to carry the stringer 
or its load. In general, all trusses shall have main end posts inclined. 
All trusses shall be so designed as to admit of accurate calculation of all 
stresses, excepting only such unimportant cases of ambiguitj" as that in- 
volved by using two stiff diagonals in a middle panel. C'ouiiterbracing 
shall be effected by using stiff diagonals, as no adjustable truss members 
will be permitted. 

All lateral bracing and other sway-bracing shall, pn'ferably, be rigid 
both above and below, i.e., the sections must bo capable of resisting 
compression, adjustable rods for such bracing not bc'ing allowed under 
any circumstances. The stiff diagonals of latc'ral systems in the plane 
of the loaded chords, which systems are generally to be of double can- 
cellation, shall be riveted rigidly to each otluT where they intersect and, 
if practicable, to the stringers where they cross them, and shall be braced 
apart so as to transfer in an effective manner the thrust of braked trains 
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to the truss-posts without causing a horizontal bonding on either the 
cross-girdcrs or the diagonals. 

All through-spans shall have stiff portal bracing at each end, properly 
designed to rc'sist the greatest ivind stresses and rigidly connected to both 
flanges of the inclined end posts. The said portal bracing shall be made 
as deep as the specified clear headroom will allow. When the height of 
the trusses is great enough to permit it, there shall be used at each panel 
point a rigid bracing frame riveted to tlic^ toi) lateral strut and to the 
posts, and carried down to the clearance line. When tlu^ truss depth is 
not great enough for this dc'tail, corner brackets of proper size, strength, 
and rigidity are to be riveted between the posts and the upper lat(;ral 
struts. 

Deck-bridges shall have stiff diagonal braces between opposite vertical 
posts, figun^d to carry across safely a shear equal to one-half of a panel 
truss live load with its impact allowance; and the transverse bracing 
between the vertical or inclined posts at ('a(ih ('iid shall b(' sufficiently 
strong to transmit properly to the masonry one-half of tlu^ wind-pressure 
(and centrifugal load, if there be any) which is carried by the entire upper 
lateral system of the span. 

In pin-connected structures the suspenders, the hip verticals, and two 
or more panel lengths of bottom chord at c'ach end of each span shall 
be made rigid members. 

All floor-beams in truss spans an* to be riveted to tlu^ truss-posts or 
built hangers. 

26. Main Mcmhcrfi of Highway Truss-Bridges 

All spans of every kind shall have end as well as intermediate floor- 
beams, riveted rigidly to the trusses or girders, for supporting the joists 
or stringers. Steel stringers are, preferably, to be riveted to the w(4)s 
of the cross-girders, but wood(*n joists are generally to r(\st on top of the 
latter. In general, all trusses shall have main (^nd posts inclined. All 
trusses shall be so designed as to admit of ac(?urat(j (^aU^ulations of all 
stresses, excepting only such unimportant case's of ambiguity as occur 
when two stiff diagonals are usejd in a middle' i)ane;l. 

In the trusses of important brielges counte'rbracing the wc^b shall be 
effected by using stiff diagonals, but in cheap brielges it may be done 
by employing counters of adjustable rods. 

In important bridges with steel stringers, all lateral bracing anel other 
sway-bracing shall, preferably, be rigiel above and below, i.c., the sec- 
tions should be capable of resisting compression, adjustable rods for such 
bracing being allowed only in towers of draw-spans and in the lower 
lateral systems of deck bridges; but in chcMip county bridges the lateral 
and other sway diagonals may be adjustable rods. The stiff diagonals 
of lateral systems in the plane of the loaded chords, which systems arc 
generally to be of double cancellation, shall be riveted rigidly to each 
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other where they intersect and, if practicable, to all the steel stringers 
where they cross them. 

All through-spans shall have portal bracing at each end, properly de- 
signed to resist the greatest wind stresses, and carried as low as the speci- 
fied clear headroom will allow. The portal struts and diagonals shall be 
riveted rigidly to both fianges of the inclimKl end posts. When the height 
of the trusses is great cmough to pt^rmit it, transverse, vertical sway- 
bracing shall be employed at each panel point; otherwise, comer brackets 
of proper size, strength, and rigidity are to be riveted between the posts 
and the upp(^r lateral struts. 

D(?ck-bridges shall have sway-diagonals between opposites vertical posts 
of suffici('nt strength to carry oiKvhalf of a panel truss live load with its 
impact allowance; and the transverse bracing betweem the; vertical or 
inclined posts at each end of span shall be sufiicuiiitly strong to transmit 
properly to tlui masonry one-half of the total wind-pressure (and the 
centrifugal load for spans with electri(!-railway tracks on (;urve) carried 
l)y the ui)p('r lateral syst('m of th(^ span. 

In important, piii-(*onnect(‘d bridges, the suspenders, the hip verticals, 
and two or mon^ panel li'iigths of bottom chord at each end of span shall 
be mad(' rigid members. 

All floor-beams are to be riveted to the truss-posts in truss-spans, 
excepting in the case* that (yevbars bo us(?d for susi)enders or hip verticals. 
In such case’s floor-be’ain hangers may be used, provided they be made 
of plat('s or shape's and that they be stayed at their upper ends against 
all possibility of rotation. 


27. Continuous Spans 

Except in the case of s^ving-bridges or cantik'vers, consecutive spans 
are not to be made continuous over the points of support. 

28. Railway Trestles 

As a general rule, each trestle-bent shall be composed of two columns 
batt(*red from one and a half to two and a half (2J^) inches or more 
to the foot, the bents being united in pairs to form towers. Each tower 
thus formed shall lx? thoroughly sway-braced with struts on all four faces, 
and shall have four (4) liorizontal struts at the base and four (4) more 
in each horizontal ilivision ])lane of the tower bracing. In trestles of 
moderate height it is permissible to adopt from one (1) to three (3) or 
even four (4) solitary bents between the braced towers, which bents may 
or may not have rocker ends. 

The feet of the columns must be attached to anchorages capable of 
resisting twice the greatest possible uplifting; and the details of the 
metalwork connecting the anchor-rods to the columns must be such as 
to make the metalwork and pedestals act as a single piece, so that, if 
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tested to destruction by overturning, the bent would not fail in the vicinity 
of the base. While it is desirable to have sufficient base to prevent any 
tension from coming on the anchor-bolts, it is not advisable on this ac- 
count to make the batter of the columns too great, especially in very 
high trestles. When trestle-bents become unduly wide, a vertical column 
is to be placed midway between the legs as so to divide up the transverse 
sway-bracing. Care must be taken to provide properly for expansion 
and contraction at column fcH't lK)th transversely and longitudinally. 

In elevated railroads and trestles of small height, the towers can be 
placed at about every fourth span or, say, every one hundred and fifty 
feet, or can be dispensed with altogether, when the conditions so require, 
by strengtlK'iiing the columns properly to resist traction, thrust of braked 
trains, and the longitudinal component of diagonal wind-pressure. 

Longitudinal girders shall generally consist of deck plat(5-girders for 
spans less than one hundred and ten (110) feet in length and deck riveted- 
trusses for longer spans. 

20. Highway Trestles 

In general, the specifications for railway trestles are to be followed in 
designing highway trestles or viaducts, except that in cheap structures all 
sway-diagonals of towers may be made of adjustable rods, with hori- 
zontal struts at the panel points, provided that the struts be rigidly riveted 
to the columns. 

30. Camber • 

All trusses must be provided with such a camber that, with half of 
full live-plus-impact load over the entire span, the total cambcjr shall be 
taken out by deflection. The actual deformations of the various members 
under dead load plus half live-plus-impact load should be computed; and 
the teasion members should then be fabricated shorter and the compression 
members longer than their lengths under the above loads, by the amounts 
of the computed deformations. The camber of the truss in the unloaded 
condition should them be figured. In railway floors, one-half of the camber 
after a span is swung may be taken out of the track by dapping the ties, 
unless this ^vould cut too deeply into the timber. Plate girders and 
shallow, open-w(?bbed, riveted girders arc not to be given any camber. In 
calculating deformations the gross arenas of all members are to be used. 

Approximate methods of figuring camber may be used for short, 
simple-span trusses. 

31. Expansion 

Every span must be provided with some means of longitudinal expan- 
sion and contraction due to changes of temperature over a range of one 
hundred and fifty (160) degrees Fahrenheit in very cold climates and ninety 
(90) degrees in tropical ones, combined with the greatest extension of bot- 
tom chords due to live load and impact. 
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Spans up to fifty (50) feet in length may slide on planed surfaces; but 
those of greater length must move on nests of turned rollers and must 
have rocker bearings. 

32. Anchorage 

Every span must be anchored at each end to the pier or abutment 
in such a manner as to prevent the slightest lateral motion, but so as 
not to interfere with th(^ longitudinal motion of the trusses or girders due 
to changes of temperature or of loading. All bearings shall be secured 
to the masonry by fox-bolts not less than one and a quarter (1^4) inches 
in diameter for girder spans or one and a half (1J4) inches for truss spans. 
When the structure is subject to possible uplift, anchor bolts, effectively 
attached to the superstructure, shall engage a mass of masonry, the weight 
of which is at least Uvice the greatest possible uplift. 

33. Name-Plates 

Name-plates having thereon the name's of the dc'signer, manufacturer, 
and builder and the date' of erection must be attached in a durable manner 
and in a prominent position to eve^ry bridge and trestle. 

Loads 

34. Loads for Railwaij Bridges 

Bridges, trestles, and elevated railroads are to be? designed to sustain 
properly the' greate'st stre'sse's proelue;e'ei in them by any of the folle>wing 
le)ads or by an^^ combination of them which may reasonably be expected to 
occur. 

A. Live Load. 

B. Impact Load. 

C. De'ael Load. 

D. Uplift Load (for swing spans only). 

E. Dire'ct AVind Load. 

F. Indirect Wind Load or Transferred Load. 

G. Vibration Load. 

//. Traction Load. 

/. (\'ntrifugal Load. 

J. Effects of Changes of Temperature. 

35. Loads for Highway Bridges 

The loads to be ce)nsielered in designing highway brielgcs and trestles 
are the following; anel all parts of such structures are to be proportioned 
to sustain properly the greatest stresses produced thereby for all reason- 
able combinations of the various loads, excepting only that the live load 
and the wind load cannot act together, unless the structure carry an elec- 
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trie railway; for the reason that no person would venture on the bridge 
when even one-half of the assumed wind-prc'ssure is acting. 

A. Live Load. 

JB. Impact Load. 

C. Dead Load. 

D. Uplift Load (for swing spans only). 

K, Direct Wind I^oad. 

F. Indirect Wind Load or Transferred I^oad. 

(7. Effects of Changes of Temperature. 

Wlu'n a liighway bridge carries an electric railway, it shall be propor- 
tioned also for — 

H. Traction Load, and 

/. Centrifugal Load. 

36. Live Loach for Railway Bridges 

The live loads to be used in (hvsigning any railroad structure shall be 
taken from Figs. 6?), 6c, 6f/, and 6c. 

In singkvtrack bridges only one of the liv(' loads there given can be 
used for any span; but in bridges having more than one track two or 
even three classes of loading may l)e employed to advantage' in the same 
span; for instance', a e*e'rtain heavy load coiilel be used for the' stringe^rs, 
the next lighte'r load fe)r the fle)or-b(?ams, and a still lightc^r load for the 
trusses, thus utilizing the' theory e)f probabili tie's. 

For elevated railroaels aiiel for the bridge's of electric railways the live 
loads are to be taken frem Figs. 6/ to 6/i., inclusive. 

The equivale'nt live? loads given in the diagrams of Figs. 6c, 6rf, 6c, 
and 6e/ to irie*lusive are to be use'el in making stri'ss computations 
instead of the actual whe'C'l conci'iitrations. 

In ai)plying theses curve's, the span-lengths use'd shall be^ as follows: 

For stringe'rs, a single'-pane'l length; for ffe)e)r-be'ams anel single-panel 
suspenders with the'ir corre'sponding seconelary truss struts, two (2) panel 
le'ngths; for hip ve'rticals of Petit trusses, fe)ur (4) panel lengths; and fejr 
all main truss-membe'rs, the le'iigth e)f span. 

In calejulating the? stresse's e^auscKl by a uniform moving load, the said 
loael shall be? assume'el to cejver the? panel in advane^e? of the? j)an(?l point 
consiele?rcd; but the half-pane?! load going to the ferwarel panc'l point will 
be ignore'el; or, in other worels, the uniform load will be treat(?d as if 
cemcentrated at the? various pane?l points. 

In deck-spans on sharp curves, aftc?r the ce'ntre curve for (,'ach rail 
and the ce?ntre lines of the? longitudinal girders are? laid out, the aiiproxi- 
mate? extra live le)ad, if any, on the outer gireler elue to the projection of 
the curve of the rail be?yond its centre line? near mid-span is to be com- 
puted and added to the re'gular live load; but the corresponding excess 
of dead load from the flooring, being small, is to be ignored. As the 
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superelevation provides for an equal distribution of the live load on the 
rails for the assumed medium velocity of trains, there will be an excess of 
live load on the outer girder due to the velocity being sometimes greater 
than this. The excess of live loiul on the inner girder, dut; to the v(jlocity 
of train being sometimes less than that assumed for determining the 
superelcjvation, is offset by the fact that the impact is then reduced; 
hence it is to be ignored. 

37. Live Loads for Highway Bridges 

The uniformly distributed live loads per square foot of floor, including 
the entire clear widths of both main roadway and footwalks, shall be 
taken from the curve diagram shown in Fig. Go; and the concentrated 
live loads shall bo taken from Fig. G/>. In applying the curves, the span- 
lengths us(hI shall be as follows: 

For stringers and joists, a single panel length; for floor-beams and 
singh'-panel suspendcTs with tli(‘ir corresponding sc'condary truss struts, 
two (2) i)anel lengths; for hip verticals of Petit trusses, four (4) panel 
lengths; and for all main truss-iiK'mbers, the h^ngth of span. 

In the eas(^ of bridges with extc'rior sidewalks, one sidewalk only and 
the roadway are to b(' considered loadenl when proportioning the beam- 
hangers and secondary truss meml)ers of all l)ridg(‘s, and wlien propor- 
tioning th(^ main triiss-nK'mbers of all spans of less than one hundred (100) 
feet for l)ridg('s of Class A, and of all spans of less than eighty (80) feet for 
l)ri(lges of (1ass(»s B and C. In all other cases both of the sidewalks and 
th(‘ roadway are to be (!onsid('r('d loaded. The eccaaitric loading incrc'ases 
the live load pcT truss. Put, when a l)ridg(? has only one exterior side- 
walk, the ('fleet of the* ('(rcc'iilric loading is to considc'n'd to a(?t upon 
the whole of the nearer truss, and the sidi'walk is to be considered ('mpty 
whem calculating tlu' stress('s in the fartlu'r truss. Floor-beams (rf bridges 
with' one or two ('xterior sidewalks are to be proportioned on the assump- 
tion that, first, th(' main roadway is loadc'd and tlu^ sidewalk or sidi'walks 
are emi)ty; and, sc'cond, that th(^ main roadway is ('mpty and the side- 
walk or sidewalks are load('d, due account Ix'ing tak(Mi of the eflect of 
rev('rsing stress(\s as hen'inafter specified. 

As in th(' case of railway bridges, in (calculating the stresses caused 
by a uniform moving load, the said load shall be assuin('d to cover the 
panel in advanc(c of the paiK'l point considen'd; but the half-paiK'l load 
going to the forward panel point will be ignon'd; or, in other words, 
the uniform load will be treated as if conc('ntrated at the various panel 
points. 

The concentrated live loads given in Fig. Gp are to apply only to the 
flooring, joists, floor-beams, and secondary truss members. They are sup- 
posed to occupy a whole panel length of tluc main roadway to th(5 ('xclu- 
sion of the other live loads there (excepting only the electric railway live 
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load). The road-roller load is assumed to bo equally divided among 
all of thc^ joists that it can cover, and the wheel loads equally between 
two joists. 

In case that the highway bridge or trestle carries an electric railway, 
that one of the train loads shown in Fig. 6/ which most closely approxi- 
mates to the greatest electric-railway load that will probably be carried 
by the structure is to be adopted. This live load for each track is to be 
assumed to occupy ten (10) feet in width of the entire clear roadway of 
the span to the exclusion of all other live loads on the said ten (10) feet. 
The equivalent uniformly distributed live loads, given by the curves in 
Figs. 6g to 6a inclusive, are to be ustnl when making the computations 
instead of the concentrations just specified. 

The floor system and the s('con(hiry truss-membc'rs are to be figured 
for these eh'ctric-train loads when passing ('ither th(^ road-roller or the 
heavy wagon-load; and the trusses as a whoh' are to ])e computed for a 
uniform load found by combining the equivalent (dectric-railway load, 
considering it to occupy ten (10) feet of roadway, together with its im- 
pact allowance, with the regular uniform live load per square foot of 
floor on the remaining width of clear roadway, together with its proper 
impact allowance, provid('d that the equivalent live load per lineal foot 
for the cars plus the proper impact allowance excised th(» n^gular live load 
for a ten (10) foot width of roadway plus its proper impact allowance. If 
it should not so exceed, the regular uniform live load must be employed. 


38. Impact Loads 

For steam-railway bridges the impact co('ffici(‘nts are to be found by 
the following formula, 

165 

"■ nL +150 ' 


where n is the number of tracks and L is the portion of the span length 
which must be covered by thc^ moving load in order to produce the maxi- 
mum stress on the piece under consideration. Fig. 7c shows curves com- 
puted from the above formula for loaded lengths from zcto to one thousand 
feet and for one, two, three, and four trucks. 

The corresponding formula for electric-railway bridges is 


I 


_ 120 
nL + 175 ’ 


and Fig. Id gives the corresponding curves. (Sec also p. 131,) 


For highway bridges the formula is 7 = 


_ 100 _^ 

w/v+’200‘ 


In this case n is equal to the total clear width of roadway and foot- 
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walks in feet divided by twenty (20). Fig. le shows the corresponding 
curves for n = 1, w = 2, n = 3, and w = 4. In case that the value of 
n be fractional the impact can be found by interpolation. There is to be 
no impact for road-roller loading. 

For all movable spans there is to be an impact allowance for dead- 
load stresses, amounting to twenty-five (25) per cent thereof, to be applied 
to all parts that could be affected by shock due to starting the span in 
motion or to bringing it to rest; but, of course, such impact stresses will 
not combine; with the live-load stresses. In swing spans and bascules 
this dead-load impact must be applied to all truss members and their 
connecting details; and in vertical lift bridges to the columns of the 
towers, the suspending ropes, the equalizers, the hangers, and all the 
connecting details for th(;sc parts. 

39. Dead Load 

The dead load for girders and trusses is to include the weight of all 
the metal, wood, conen'te, and other mat('rials in the superstructure, ex- 
cepting that of those portions resting directly on the abutments, the 
weights of which do not affect the stresses in the trusses; also any other 
permaiK'nt or temporary load (such as snow) that may b(; carried by 
the structure. 

The following unit weights are to be assumed in estimating the dead 
load: 

Creosoted lumber, four and one-half (4J/^) pounds per foot board 
nK'asure. 

Oak and other hard woods, four and a quart(T (4J<^) pounds per foot 
board measure. 

Y(;llow pine, three and three-quart(Ts (S^^) pounds per foot board 
measun;. 

White pine and other soft woods, two and thre(;-quartc;rs (2?4) pounds 
per foot board measun'. 

Rails and thc'ir fastenings, seventy (70) pounds per lineal foot per 
track, unless spc'cially heavy rails be employed, in which case the pre- 
ceding figure is to be proi)erly ineresised. 

(yonen'te, from one hundred and forty (140) to one hundred and 
sixty (100) pounds per cubic foot, according to the character of the stone 
or gravel used in its manufacture. For reinforced concrete five (5) pounds 
arc to be added to the preceding unit weights. 

Asphalt pavement, including binder, one hundred and twenty (120) 
pounds per cubic foot. 

Brick pavement, one hundred and forty (140) pounds per cubic foot. 

Steel, four hundred and ninety (490) pounds per cubic foot. 

Cast iron, four hundred and fifty (450) pounds per cubic foot. 

Earth (used as a covering for masonry or concrete arches), one hun- 
dred (100) pounds per cubic foot. 
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Broken stone for ballasted floors, one hundred (100) pounds per cubic 
foot. 

Snow, compacted, fifty (50) pounds per cubic foot. 

Water (carried in pipes) sixty-two and a half (62.5) pounds per cubic 
foot. 

In truss bridges the division of dead load between the upper and the 
lower chords need be only approximately correct. For ordinary bridges 
it is sufficiently accurate to assume that two-thirds (^ thereof will per- 
tain to the load('d chords. 

If in any bridge? design the? dead load eissumed should differ from that 
computed from the diagram of sections and the detail drawings by an 
amount exceeding one (1) per cent of the sum of the equivalent live load, 
impact load, and actual dead load, the calculations of stresses, etc., are 
to be made over with a new assumed dead toad. 

40. Uplift Loads 

There is, or should bo, a considerable uplift at the ends of any swing 
span when it is ready for travel, caused by the end-lifting device. The 
amount of this uplift per truss or gird(T is to be? assum(‘d as a certain pro- 
portion of the entire dead load carric'd by om? arm of the said truss or 
girder when the span is being swung, which proportion is to be taken from 
the following table: 

TABLE 7Sh 

Ratios of Tplift to Dead I^oad for Swing Spans 



Ratios of Uplift to Dead Load 

Spans 

Railroad 

Bridses 

Highway 

Bridges 

IJp to IniY 

Is 

K to }4 

1/5 to 1/7 
h to yi 

1/7 to 1/9 
yi to 1^0 

1.50' to 2.50' 

H 

2.50' to 3.50' 

V5 

H 

:3.50' to 4.50' 

Over 4.50' 

Vt 


These uplifts are to be adopted both for finding the uplift stresses in 
truss(?s and for proportioning the end-lifting- machinery; provided, how- 
ever, that for the latt(;r purpose? no assumed uplift per pe'destal be less 
than twenty thousand (20,000) pounds for single-track drawbridges or 
less than forty thousand (40,000) pounds for double-track drawbridges. 
For light highway bridges the inferior limit of uplift is to be taken at 
ten thousand (10,000) pounds at each of the four corners of the span. 
Whem ui)lift stresses tend to increase the section of a member they are 
to be duly considered, but when they tend to decrease it they are to be 
ignored. 
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41. Wind Loads for Railroad Bridges 

For steam railway bridges the wind loads per lineal foot of span for 
both the loaded and the unloaded chords are to be taken from the curves 
given in Fig. 96. The wind loads for the loaded chords include a pres- 
sure of three hundred (300) pounds per lineal foot on th(^ train, the centre 
of which pressure is applied at a height of eight (8) hn^t above the bjise of 
rail. For determining the requisite anchorage for a loaded structure, the 
train of empty cars shall be assumed to weigh one thousand (1,000) pounds 
per lineal foot. 

In trestle towers the columns and transverse bracing shall be propor- 
tioned to resist the following wind-pressures in addition to all other 
loads: 

First. When the structure is loaded, six hundred (GOO) pounds per 
lineal foot on stringers and cars, concentratc'd at a height of one foot above 
bas(^ of rail, and two hundred and fifty (250) i)ounds for each vcTtical foot 
of each entire) tower. 

Second. Wliem the structure is ('mpty, three hundred and fifty (350) 
pounds per lineal foot on stringers, assumc'd to be concentrated one) fe)e)t 
above the centre of stringe)r, and three hunelred and fifty (350) pounels 
for each vertical foot of each entire tower. 

The' wiiiel loads for longitudinal bracing are to be taken as sejven- 
tenths (0.7) of theise' fe)r the transverse brae)ing. 

In figuring greatest teiisiem on columns anel anchor-bolts, computa- 
tions are to be made for both the le)aele)d and the) unloadeel structure, 
in ele)uble'-trae'k tre\stle\s placing the train of empty cars on the leeward 
track. 

The wiiiel loaels of the upper lateral s^^stem shall generally be) assumed 
to be* carried to the ends of the) span by the saiel lateral system, no part 
there'of being consiele're'el to travel dowm by the intcTme'eliate vertical 
sway-brae)ing. 

All wind loads are to be tre'ated as moving loads. No percentage of 
impae't is to be added to wind le)aels. 

Winel loads for swing spans are specifie'el subsequently in this chapter, 
as arc also the)se) for the ele'sign of the machine'ry of vertical lift anel bascule 
bridges. 

In vertical lift brielge's the towers are te) be' figured for a wind load 
of fifte'cn (15) pounds per square foot with the movable span in its highest 
position anel for one of thirty (30) pounds per sepiare fe)ot with the said 
span in its lowest position, the' lemgituelinal wind load on the span being 
taken as seve'n-tenths (0.7) of the transve'rse. 

In bascule brielges the) structural portienis shall be ele'signed for a wind 
load of thirty (30) pounds per square fe)ot with the span closed, and for 
one of fifteen (15) pounds per square foot when the said span is in any 
other position. 
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42. WUid Loads for Highway Bridges 

For highway and electric-railway structures the wind loads per lineal 
foot of span for both the loaded and the unloaded chords arc to be taken 
from the curves shown in Fig. 9d. The wind loads for the loaded chords 
of bridges carrying electric railways include a pressure of two hundred 
and fifty (250) pounds per lineal foot on the curs, the centre of which 
pressure is applied at a height of seven (7) feet above the base of rail. 
These diagrams werc^ figured for a clear roadway of twenty (20) feet. 
For wider structures, the wind loads for the loaded chords are to be in- 
creased two (2) per cent for each foot of width in excess of twenty (20). 
The wind loads given on the diagram have been computed from detailed 
designs for simplo spans up to seven hundred and fifty (750) feet in length, 
but beyond this limit thej^ have been assumed; consc^cpumtly, in design- 
ing spans of greater length than this, it wdll be n('c(\ssary to check the 
assumed wind-pressure after the sections ar(‘ proportioned, using an in- 
tensity of twenty-five (25) pounds p(T square foot. Tlu^ intensities em- 
ployed in preparing the curves varied from forty (40) pounds for very 
short spans to twc'iity-five (25) pounds for very long onc^s. 

For viaducts carrying highway traffic; only, tlu; wind-pressure on the 
empty structure is to be assumed as thrc'c' hundred (300) pounds per 
lineal foot on the spans at the level of the' floor, and two hundred and 
fifty (250) pounds for each vertical foot of each entire tower. The; wind 
loads for longitudinal bracing are to be taken as seven-temths (0.7) of 
those for the transverse bracing. 

For elevated railroads and for viaducts carrjdng electric trains, the 
wind loads are to be taken as eight-tenths (0.8) of those specified for 
railroad bridges. 

All wind loads are to be treated as moving loads. 

For all highway structures the live load and the wind load shall not 
be assumed to act together, excepting only that the el(;(;tric-railway live 
load must be; taken as acting in conjunction with the wind. 

Wind loads for swing spans are specifi(*d subsequently in this chapter, 
as are also those for the design of the machinery of vertical lift and bascule 
bridges. 

The wind loads for the design of the towers of vertical lift highway 
bridges and the structural portions of bascule highway bridges are to be 
the same as those specified for railway bridgcjs. 

43. Indirect Wind Load or Transferred Load 

For through truss spans with inclined end posts, even with polygonal 
top chords, the transferred load is to be assumed to produce a tension 
in the leeward bottom chord that is constant from end to end of span 
and a similar release of tension on the windward bottom chord. For 
trusses with parallel chords this assumption is correct, provided that all 
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the wind-pressure travels directly to ends of span by the horizontal brac- 
ing; while for trusses with polygonal top chords the assumption is a 
compromise, the travel of wind-pressure being ambiguous. The trans- 
ferr^ load is to be found by multiplying one-half of the total wind load 
on the top chord by the vertical distance between the point of contra- 
flexure of the inclined end post and the hip apex and dividing the product 
by the perpendicular distance between central planes of trusses. 

44. Vibration Load 

In railway bridges the vibration load is a transverse loading, gener- 
ally in excess of the wind load, applied to the lateral bracing only. The 
stresses which it produces are not to be added to any other stresses, its 
sole object being to ensure sufficient sectional areas for lateral members 
in order to attain proper rigidity for thc^ structure as a whole. For the 
loaded chords of through and deck spans and for viaduct towers its value 
is to be taken at seven hundred (700) pounds per lineal foot for single- 
track structures and eight hundred and fifty (850) pounds per lineal foot 
for doubkytrack structures. For the unloaded chords the corresponding 
figures ar(^, respectively, three hundred (300) and three hundred and 
fifty (350). In computing the stresses caused by vibration loads, they 
an^ always to be considered as advancing. 

Highway bridges and electric-railway bridges are not to be figured 
for vibration loadings. 


45. Traction Load 

The total traction load on any portion of a structure is to be taken 
as a (!('rtain pere(»ntag(? of the greatest live load that can be placed on 
that portion of said structure. For ek^vated railroads and electric-rail- 
way bridge's this percentage is to be taken as twenty (20) ; and for railway 
bridges it is to be determined by the formula, 

4000 

r = ^»«>* = 20 aaui = lO; 

where T = percentage, 

and L = loaded length in feet. 

The values of T may be taken from Fig. 9c. 

In proportioning the towers and columns of railway trestles and ele- 
vat(id railroads, tluj said towers and columns between consecutive expan- 
sion points are to be assumed to receive no aid from neighboring towers 
and columns, but must be figured for the great(\st possible traction load 
between the said consecutive expansion points. No percentage of im- 
pact is to be added to traction loads. There is to be no traction loading 
for highway bridges unless they carry electric-railway tracks. 
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46. Centrifugal Load 

The oontrifugal load is to l)e computed for the greatest probable 
velocity of trains by the formula, 

15 ^ ’ 

where C is the C('ntrifiigal load per lineal foot, W is the (equivalent live 
load per lineal foot, It is the radius of the curve in feet, and V is giv(»n 
by the formula, 

F= G0-2.5D 

where D is tlu' degree of curvature'. TIk^ valu(\s of C for curves up to 
twenty (20) d(*grees can be takc'ii from Fig. 8ft. 

All portions of tlu' structure afT(H*t('d l)y the c('ntrifugal hmd are to 
be figured to carry propc'rly the stn'ssc's inducc'tl by tin* said load in addi- 
tion to all other stresses to which they may Ix^ subjc'ctcxl. It is to be 
assumc'd as applied five (5) fec't above tlu' base of rail, the av('rag(' centre 
of gravity of the moving load. TIk' transb'rred load on tlic^ string('rs, 
gird(TS, or trusses diu? to th(^ transf(T('nce of the c(»ntrifugal load to tlui 
plane of the lateral bracing shall l)e cousuUtcxI, as well as the stn'ssc's 
produced in the latc'rals and chords forming tli(» horizontal truss for (!ar- 
r^ung this load to the* ends of the* span. Th(' ovc'rturning (*fT('(?t of the 
centrifugal load on the structure as a whole shall also Ix' duly considered. 
The (^ffc'ct of the shifting of the ccMitre of gravity of th(^ load diu' to the 
sui>(Televati(m of th(? outer rail shall also be tak(»n into account, as w(»ll 
as the eff('ct of th(? (*ccentricity of the load due to the curvatun^ of the 
track. No percentage of impact is to Ix^ added to e(Mitrifugal loads. 
There is to be no centrifugal loading for highway bridges unhjss they 
carry electric-railway tracks. 

47. Effects of Changes of Temperature 

In ordinary structur(?s changes of temperature^ will not affect the 
stressc's in the members, provided, of course, that proper pr(?caution bo 
taken to permit unrestricted (‘xpansion and contraction. Ihit in all 
arches, (excepting only those hingc^d at both emds and at tlw^ crown, the 
str(?ss('s caus(;d by the; assumexl (‘xtn'ine change's of tempe'rature; must 
bo computexl and duly considered. T(‘mpe*ratur(' s(resse*s must also be 
give;n prope;r consid(;ration in all ste'el tre'sth's in whicli the; e'xpansion 
points are placed farther ajiart than the; le;ngth of two consecutive; bays. 

WoRKiNei Stressks 

48. Intensities of ^Yorking Stresses 

The following inte;nsitics of working stresses (i.c., pounds per square 
inch of crejss-section) for medium and rive;t (;arbon ,ste;els are to be used 
for all cases, except as hereinafter specified to the contrary. 
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Tension on gross sections of eye-bars and reinforcing 
bars, on net sections of all built members, and on 


net sections of flanges of all beams 16,000 lbs. 

Bending on pins 27,000 lbs. 

Bearing on j)ins 22,000 lbs. 

Bearing on shop rivets 20,000 lbs. 

Bearing on end stifT('ners of plate* girdc'rs (outstanding 

logs only) 16,000 lbs. 

Shear on pins 15,000 lbs. 

Sh(iar on shop riveits 10,000 lbs. 

Slu'ar on plate-girdcT w(*bs, gross section 10,000 lbs. 

Bearing on (*xpansion rolleTS, in pounds, where d is the 

diamet(*r of the roll(T in inches 600 d. 


For field rivets the intc^nsities for bewaring and sh(*ar are to be reduced 
tw(*nty (20) per e(*nt. 

Turned bolts with driving fit an* to be stress(*d the same as fi(‘ld rivets. 

Comi)ressioii in pounds on struts wdth fix(*d (*nds, 16,000 — 60--. 

Compression in pounds on struts with hinged ends, 16,000 — 80-. 

r 

Comi)n*ssion on gross section of flanges of roll(*d beams 16,000 lbs. 

Comp]*(‘ssion in pounds on gross S(?ctiou of flange's of built beams, 

1G,00() - 200 * . 

I 

Compression in pounds on forke'd ends, 10,000 — 300~. 

L 

In lh(*s(' eompn'ssion formulie I is the unsupported length of strut, 
flange, or jaw-j)late in ineh(\s, r is the least radius of gyration of the strut in 
inches, /> is the width of the flange in inches, and i is the thickness of jaw- 
plate in inclK's, 

Tlu* int(*nsities of working stresses for nickel steel, ('stablished on the 
basis that tlu* l(*ast allowable elastic limit (determined by the drop of 
th(' beam) in s])(*cimen tests is 55,000 pounds ])('r square inch for plato 
and-shap(* shu*! and 6(),()0() ])ounds per scpian' inch for eye-bar steel, are 
to b(^ as follows. In case* that a still higher grade of nickel steel is pro- 
curabk*, all tlu* intc'iisities, excerpting those on rivets, are te) be multiplied 
by the ratio of the higher elastic limit to 55,000 or 60,000, according to 
the charact(T of the steel under consideration. 


Ternsion on gross se'ctioiis of eye-bars 28,000 lbs. 

Ternsion on n(*t sections of all built members, and on 

net sections of flanges of all beams 26,000 lbs. 

Bending on pins 45,000 lbs. 

Bearing on pins 35,000 lbs. 
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Bearing on shop rivets 30,000 lbs. 

Bearing on end stiffeners of plate-girders 26,000 lbs. 

Shear on pins 23,000 lbs. 

Shear on shop rivets 14,000 lbs. 

Shear on plate-girder webs, gross section 16,000 lbs. 

Bearing on expansion rollers, in pounds, where d is the 

diameter of the roller in inches 900 d. 


For field rivets and turned bolts with driving fit the intensities for 
bearing and shear are to be twenty (20) per cent less than those for shop 
rivets. 

Compression in pounds on struts with fixed ends, 26,000 — 110—. 

T 

Compression in pounds on struts with hinged ends, 26,000 — 150--. 

r 

Compression on gross section of flanges of rolled beams 26,000 lbs. 

I 

Compression on gross section of flanges of built beams, 26,000 — 325 — . 

Compression in pounds on forked ends, 16,000 — 500 y. 

t 

In these compression formulae, as before, I is the unsupported length 
of the strut, flange, or jaw-plate in inches, r is the least radius of gyration 
of the strut in inc^hes, b is the width of the flange in inches, and t is the 
thickness of the jaw-plate in inches. 

All the preceding figures for both carbon steel and nickel steel are for 
total equivalent static loads without wind loads added; but when th(; 
latter are also included the said figures in the designing of bridges proper 
are to be increased thirty (30) per cent. Members of lateral systems 
which are subjected to wind loads alone arc to b(5 stressed only as high 
as truss members for equivalent static loads with wind excluded. As in- 
dicated in the clauses “Combination of Stresses,'' certain other combina- 
tions of loadings may legitimately stress the metal as high as fifty (50) 
per cent above the ordinary limits. 

The intensities of working stresses for machinery metal are given 
subsequently in this chapter. 

For the various kinds of timber used ordinarily in bridge construction 
the intensities of working stresses in bending on the extreme fibres, when 
the proper impact is added to the live load, shall be as follows: 


Long-leaf, Southern yellow pine 2,000 lbs. 

Douglas fir or Pacific Coast cedar 1,900 lbs. 

White oak 1,800 lbs. 

Cypress 1,700 lbs. 

Short-leaf yellow pine 1,600 lbs. 
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In all cases the actual and not the nominal dimensions of timbers are 
to be used when figuring their strength by the preceding intensities. 


49. Bearings upon Masonry 

All bed-plates must be of such dimensions that the greatest pressures 
on the masonry, including impact, shall not exceed those given in the 
following table. 

Permissible Pressure ' 
per Square Inch 

Ordinarily good sandstone 200 lbs. 

Yellow pine or oak on flat 250 lbs. 

Extra good sandstone (not metamorphic) 300 lbs. 

Hard brick laid in Portland cement 350 lbs. 

Ordinarily good limestone 400 lbs. 

Portland cement concrete 500 lbs. 

Extra good limestone 550 lbs. 

Granitoid 600 lbs. 

Metamorphic sandstone of best quality 650 lbs. 

Granite 800 lbs. 


50. Compression and Shear in Reinforced Concrete Beams and Slabs 

The greatest intensities of simple compressive stress in reinforced con- 
crete beams and slabs shall not exceed six hundred (600) pounds, except 
ov('r the supports of continuous bc'ams where an intensity of seven hun- 
dred (700) pounds will be permissible. 

The greatest intensity of shearing stress in reinforced concrete beams 
and slabs shall not exceed the following values: 

1. For beams and slabs with horizontal bars only and without web 
reinforcement, 40 pounds. 

2. For beams and slabs with at least a half of the longitudinal rein- 
forcement bent up over the supports, 60 pounds. 

3. For beams and slabs thoroughly reinforced with web reinforcement, 
120 pounds. 

In calculating the intensity of shearing stress the dojrth from the 
centre of compression to the centre of the steel shall be used. 

51. Reversing Stresses 

In the combination of stresses of opposite kinds, distinction is to be 
made between the conditions of reversal. If the cause; thereof be wind, 
the effect of reversion is to be ignored. Reversals due to live load com- 
bined with impact are to be divided into two classes: first, those which 
occur in succession during the passage of a live load over the structure, 
and, second, those which are caused by different loadings. In the first 
case each of the two kinds of stress is to be increased by seventy-five (75) 
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per cent of the other, then the section required for each combination is to 
be computed and tli(^ hirger of the two results adoptc'd. In the second 
case the procc'diin' is similar to that just describc'd exc('pt that the per- 
centage to b(' added is fifty (50) instead of seventy-five (75). In either 
case, thougli, wIh'ii figuring the number of rivets for connecting main 
membcTs, tlu' two opposite stresses are to be added together without re- 
duction, and the sum is to be divided l)y the permissibh^ stress on one 
riv('t. 

52. Counter System 

Counter systems in all sj)ans must be proportion'd to take care of an 
increase in live load of twenty-five (25) per cc'iit with an incn'ase of unit 
stress not to exceeil twenty-five (25) ])er cent, additional counter section 
being employed if required by this increas('d livi' load. 

53. Net Section 

The net section of a tension member must be test('d along transverse, 
diagonal, and zigzag liiu's of rivet hok's, taking into account the elTi'ct 
of combined sliear and tension on all diagonal se(*tions. The' efT('ctiv(5 
area of such diagonal sections can bc' determiiK'd by tlu' use of Fig. ICe. 
The diairu'ters of the rivet hoU's shall be assunu'd as } largc'r than the 
diameters of th(' rivets bc'fore driving. 

In designing built members care must Ix' taken to si'e that the value 
of the section of any compoiK'nt part tlaTCof at any i)oint betwec'n adjacent 
rivets is not taken great ('r than the value' of its n(*t se'ction through the 
said rivets; and that the difh'n'uce between the values of the section at 
any two points is not tak('n gn'atcT than the stn'iigth which can bc de- 
veloped by the connecting rivets betwc'en the said points. 

54. Effective Bearing Areas 

The effective bearing arc'a of a pin, a bolt, or a rivet shall be its diam- 
eter multiplied by the thickn('ss of the i>i('C(', exct'pt that for countersunk 
rivets one-half of tla? depth of tin' count(*rsink shall bc' omitted wh(*n 
they are machine drivc'ii and the whol(^ thereof wh(*n they anj liand drivt'ii. 

55. Bending Moments and Shears on Pins 

Pins are to be proportioned to resist th(^ gn'atc'st bc'nding and shearing 
stresses produced in them by the bars or struts which they connect. In 
figuring the Ix'iiding moments on pins, th(j stn'sses shall be assumed as 
concentrated at centres of bearings. 

56. Combinations of Stresses 

In plate-girder spans and the girders of (4evat('d railroads, the only 
stresses that ne(id to be consid(*red are thos«^ c.aused by the live, impact, 
dead, and centrifugal loads. The truss(^s of both through and deck bridges 
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will be affected by the live, impact, dead, direct wind, and indirect wind 
loads; and in some casi^s also by the centrifugal load. In no case of a 
properly designed structure will the traction load affect the trusses of 
bridges to such an extemt as to ikhkI consideration; consequently the 
only provision for traction load required in through and deck bridges 
is adequate^, rigid bracing to carry it from tlui track to the trusses without 
subjecting any portion of the structun^ to an improper loading, as, for 
instance, th(^ flange's of cross-girders to horizontal bending. 

In bridge's of all kinds, with the; exc(;i)tion of arche's having less than 
three; (3) hinge's, the various loads he'rein spe'cifie‘el shall be combined and 
the soe;tions of membe'rs sluill be computed as here'inbefe)rc spe;cifie'd; but 
in trestle's, more; e'spen'ially ve'ry high ones, it will be legitimate, when 
e'ombiniiig the stre'ssc's fre)m the; various loadings, to re'duce some of them 
e)r e've'ii te) igne)re' se)me entire'ly, in order to avoiel proportioning for highly 
imprejbable e)r impossible e*e)mbinatie)ns of lexids. Fe)r instance, when a 
tivstle' is situate'd ne'ar the' iiiiddle e)f a shar]) curve' or near the apex erf 
two he'avy rising grade's, it woulel be ine'orrc'eit to assume a high velocity 
of train. In sue*li e*ase's as the'se the e'k'ment erf indivielual judgment in 
combining the stresse's from the various loaels anel in assuming the sizes 
of the' latteT e*annot we'll be' eliminateel. 

Iliiele'r e)rdinary e'onelitions the figuring erf stresse's anel sectional areas 
for the e*e)lumns erf tre'stle's shall be elone'.as folle)ws: 

First. Live' loael, impact, ce'iitrifugal load, and elead load, with the 
usual inte'iisitics. 

Second. Live le)a.el, imiiact, centrifugal load, eleael loael, and winel 
le)ael, traction le)ad, e)r te'inpe'rature e'ffe'ct, with an e'xce'ss of thirty (30) 
])e*r e'ciit e)ver the' usual inte'iisitie's. 

Third. Live' le)ad, inij)ae*t, ce'iitrifugal loael, deael load, wind load eir 
traction leiael, anel te'm]ie*rature', with an e'xe*e*ss of forty (40) pe'r cent ov(;r 
the usual inte'iisitie's. 

Fourth. Live' lejad, impact, cemlrifugal leiael, deael load, tractiem loael, 
anel wind kiael, with an e'xe;e'ss of forty (40) jieT cent over the usual in- 
tensitie's. 

Fijth. Live load, impae't, cemtrifugal load, ek'ael loael, traedion load, 
winel kiael, and t e'lnpe'rat lire', with an exce'ss of fifty (50) per cent over 
the; usual inte'iisitie's. 

The pre'ce'ding aeljust merit of combinatieins of stre'sse's anel intensities 
of working stre'sse's shall apply also to are'h structure's having less than 
thre;e; (3) hinge's iie'r arch. 

No ine're'ase' in unit stre'ss shall be alkiwe'el for a enimbination of wind 
stre'sse's with ce'iitrifugal stre'sse's enily, or feir a combinatiem of traction 
anel e;e;ntrifugal stre'sse's only; but feir cemibine'el winel anel traction stresse's 
or feir e;einibine'el winel, tract iem, anel eu'ntrifugal stresses an increase in 
unit stresse's erf thirty (30) ])e'r ce'nt will be; allow^eel. These restrictions 
apply only to the lateral system between the loaded chords. 
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When combining bending stresses and direct stresses, in the case of 
chords of riveted truss bridges subjected to transverse loads, there is to 
be employed the compromise formula, 



for finding the bending moment; and the usual intensity must not be 
exc(H'di‘d for the combination of extreme fibre stn^ss and thc^ direct com- 
pression or tension. 

In th(^ cas(5 of chords of pin-connected truss bridges, the ends being 

Wl 

considered free, the corresponding compromise formula shall ho M = —: 

o 

Wl 

but if the chords are continuous, the formula to use shall be M = — . 

o 


In these two formulje M is the bending momcmt in foot-pounds, W 
is the total load in pounds on the beam, and I is the length of beam in feet 
between panel-points or supports. 

In computing the bending moment due to weight of chord, the for- 
mula is to be .1/ = ^ for riveted trusses, M = ~ for pin-connected 

Wl 

trusses with free ends, and M = — when the chords are continuous. 


57. Bending on Inclined End Posts 

In proportioning inclin(?d ond posts of trusses of through-bridges for 
a combination of all the loads herein specified, togothcjr with the bending 
caused by the wind-pressure w'hich travels transversely down the piece 
to the pier or abutment, the extreme fibre may be stressed thirty (30) 
per cent higher than the intensity specifi(‘d for the direct compression, 
the bending moment being computed on the assumption that the inclincid 
end post is held in line by the top and the bottom struts of the portal 
bracing and fixed at the bottom by its connections to the pedestal and 
the end floor-beam. The position of the point of contraflexure may be 
taken from Fig. 16d. 

58. Bending Due to Weight of Meml)er 

If the extreme fibre-stress resulting from the bending due to the weight 
only of any member does not exceed ten (10) pcT cent of the specified 
intensity of working-stress, the effect of such bending may be ignored; 
but, if it does so exceed, its effect must be combined with those of the 
other stresses, using, however, for determining the sectional area, an 
intensity of working stress ten (10) per cent greater than that specified. 
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59. General Limits in Designing Railway Structures 

No metal less than three-eighths (^) of an inch in thickness shall 
be used, except for filling-plates. 

No channel less than ten (10) inches in depth shall be used except 
for lateral struts, in which eight (8) inch channels may be employed. 

No angles less than 8" X 2]/^" X 5^ " shall be used, except for lacing. 
The length of unsupported outstanding legs of angles in compression 
shall not exeexjd twelve (12) times their thickm^ss for main members or 
sixteen (16) times their thickness for lateral bracing. 

No eye-bars h^ss than six (6) inches deep or one inch thick shall be 
cmploycid; and the depths of eye-bars for chords and main diagonals 
shall be not less than one fifty-fifth (/^s) of the length of the horizontal 
projection of same. 

The shortest span kmgth for trusses with polygonal top chords shall 
be one hundred and sev('nty-five (175) feet. 

Th(^ limit of span length in which the stringers can bo riveted con- 
tinuously from end to cud of span shall b(^ two hundred (200) feet. Be- 
yond this limit sliding b(‘arings must be us(jd at omj or more intermediate 
panel points; and in no span shall there be a length of continuously riv- 
eted stringcTs exceeding two hundred (200) feet. 

For all comprc'ssion-nK^mbers of trusses and for columns of viaducts 
and elevat(‘d railroads the gn'atest ratio of unsupported length to least 
radius of gyration shall be oik^ hundred (100), exen^pting those members 
the main function of wliich is to resist tension. In these the limit may 
be raised to on<‘ hundred and tw('nty (120). 

Th(? greatest ratio of unsupported h'ngth to least radius of gyration 
for struts b('longing to sway l)ra(;ing shall be one hundred and twenty (120). 

For all horizontal or inclimnl main or bracing members in tension, 
th(‘ h'ngth of the liorizontal jirojection of the unsupported portion of the 
member shall not excec'd one hundred and fifty (150) times the radius 
of gyration about the horizontal axis. 

60. General Limits in Designing Highway Structures 

The following general limits shall be adhered to in designing highway 
bridges and viaducts. 

Th(' length of any bracket cantilevered beyond a truss or girder shall 
never (exceed s(;ven-t<'nths (/(o) of the perpi'iidicular distance between the 
central planes of adjacent trusses or girders, unless there be more than 
two truss(*s to the span. 

No mc'tal less tlian five-sixteenths (%«) of an inch in thickness shall 
be used, except for filling-plates; and in important bridges this limit shall 
be increased to three-eighths {%) of an inch. 

No channel less than six (6) inches in dc'pth shall be used, except for 
lateral struts, in which five (5) inch channels may be employed. 



1662 


BRIDGE ENGINEERING 


ClIAPTEU LXXVIII 


No angles less than 2}4" X 23^" X shall be used, except for 
lacing or railings. 

As in railway structures, the length of unsupported outstanding logs 
of angles in compression shall not exceed twc'lve (12) times their thick- 
ness for main members nor sixteen (16) times their thickmjss for lateral 
bracing. 

No eye-bars less than four (4) inches deep or three-quarters (^) of 
an in(!h thick shall bo employed; and the depths of (y('-bars for chords 
and main diagonals shall be not h^ss than one-sixtieth C/eo) of the hori- 
zontal length of same. 

No adjustable rod shall have less than three-quarters (J^) of a square 
inch of cross-section. 

The shortest span length for trusses with polygonal top chords shall 
be one hundred and sixty (160) feet. 

The limit of span length in which steel stringers can be riveted con- 
tinuously from end to ('iid of span shall be two hundred (200) fcH't. Be- 
yond this limit sliding bearings must be used at one or mon^ iiiternu'diate 
panel points; and in no span shall there be a length of continuously rivettMl 
stringers exceeding two himdrc'd (200) f('et. 

For all compr(^ssion-m(*mb(Ts of trusses and for columns of viaducts 
the greatest ratio of unsupport(‘d hmgth to h^ast radius of gyration shall 
be one hundred and twenty (120), excepting those members tluj main 
function of whicjh is to resist t(iiLsion. In these the limit may be raisc^l 
to one hundred and forty (140). The gn^atest ratio of unsupport(Ml length 
to least radius of gjTation for struts belonging to sway-bracing shall be 
one hundr(?d and forty (140). 

For all horizontal or inclincnl main or bracing members in tension, th(5 
length of the horizontal projection of the unsupportc'd portion of tlu? 
member shall not exceed two hundred (200) times the radius of g^Tation 
about the horizontal axis. 


61. Synoke Protection 

Metal which is subjected to the action of locomotive smoke or othcT 
corrosive gas(‘s, in addition to being extra well paintc'd, shall have its 
thickness inen^ased either on(‘-sixtccnth {]iq) or, preferablj'^, one-eighth 
(3^) of an inch; otherwise all paint shall be omitted and concrete pro- 
tection used instead. 

62. General Principles in Designing Structural Metalwork 

In designing all structural metalwork the following prine.iph's are 
invariably to be observed: 

All members must be straight between panc'l points, as curved struts 
or ties will under no circumstances be allowed, excepting in plate-girder 
arched ribs. 
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The axes of all members of trusses or girders and those of lateral 
systems coming together at any apex of a truss or girder must intersect 
at a point, whenever such an arrangement is practicable; otherwise th(5 
greatest care must be employed to ensure that all the induced stresses and 
bending momemts caused by the eccentricity be properly provided for. 

Truss members and portions of truss mcmlxTs must always be ar- 
ranged in pairs symm(5trically alK)ut the central plane of the truss, except 
in the case of single? members, the axes of which lie in the? said central 
plane of truss. This applies also to the designing of open-webbed, riveted 
gireleTS. 

In i)roportioning main members of bridges, symmetry of section about 
two principal plane's at right angle?s to each other is to be attained wherever 
prae^ticable*; but in designing top chords and inclined end posts this rule 
cannot generally bo followe?el. 

In be^th tension anel compression members, the centre line of applied 
stre'ss must invariably ce)incide with the axial right line passing through 
the ce'ntres e)f gravity of all cross-se'ctions of the? members taken at right 
angk?s the'relo. 

'^rhe })rine*iple? of symmetry in designing must be carried even into the 
rive'ting; and groups of rivets must be maele? to balance about centre 
iine*s and ee'iitral j)Iane's to as great an extemt as is practicable. 

In all structural me'talwe)rk, t'xeje'pting only the machinc'ry for oper- 
ating movable brielge's, no torsion on any member shall be' permitted, if 
it can possibly be avoieU'el; e)therwise, the greate'st care must be' taki'n to 
proviele? ample? stre'ngth anel rigidity for every portion of the structure 
affect ihI by such torsion. 

In ele'signing all ])in-e?onnecte'd work ample clearance for packing must 
be providenl, and sufficient room must be left for assi?mbling members in 
confine'd s])ae*e's. 

Ill bridge's, tre'stle?s, and elevated railroaels the thrust from braked 
trains aiiel the' traction must be carried from the? stringe'rs or longitudinal 
girele'rs te) the' peists or eiolumns withemt pre)elucing any horizontal beneling 
mome?nt on the' cross-girele'rs or the lateral diageinals. 

In tre'stle's anel e'le'vate'el railroads, the columns must be carried up to 
the tops e)f the? e?ross-girde'rs or longituelinal girders, anel must be effec- 
tive'ly rivc'te'el the'reto. In no case will it be pe'rmitte'd to e?ut off the 
columns and re'st the cross-girelers or longituelinal girele'rs on top of same. 

Kve?ry eieilumn that acts also as a be'ara must have' a solid web or webs 
in the? elire'e?tion e)f the be?neling, as no re'liance shall be place'd on lacing 
to carry a transverse load down the column. 

In trestles and elevated railroads every column must be anchored so 
firmly to its pe?ele?stal that failure by overturning or rupture could not 
occur in the neighborhood of the foot, if the bent were teste'd to destruction. 

The amount e)f field-riveting must be reduced to a minimum, without, 
however, diminishing the number of rivets requisite for strength and 
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rigidity. All designs are to be made so as to facilitate field riveting as 
much as possible. 

Rivets are not to be used in direct tension. 

For membcTs of any importance, more than two rivets are to be used 
for each connection. 

In d(*signing short members of open-webbed, riveted work, it is better 
to increase the sectional area of the piece from ten (10) to twenty-five 
(25) per cent beyond the theoretical requiremc'nt than to try to develop 
the strength by using supplementary^ angles at the; ends to connect to 
the plates. 

The efficiency of single-angle members in tension shall be taken as 
sixty (60) per cent, and of two-angle members in tension, as ninety (90) 
per cent when fastened to the connection plate by rivets passing through 
the legs which are adjacent to each other, and as sev(‘iity (70) per cent 
when fastened by the legs not adjacent to ea(;h otlicT. For compression 
members the corresponding percentages shall be forty (40), nim^ty (90), 
and fifty (50). 

Star struts formed of two angles with occasional short pieces of angle 
or plate for staying the same are not to be uschI, for bettcT results are 
obtained by placing the angl(\s in the form of a T. 

Compression splices, where only a portion of the section is cut, and 
where, consequently, perfect abutting of tluj ends cannot be n^lied upon, 
and tension shingle splices shall have a strength t(‘n (10) per cent in ex- 
cess of that of the section cut; but compression splices, where the whole 
section is cut and where perfect abutting of ends is a possibility, shall 
have a strength at least equal to sixty (00) ]ier (rent of that of the cut 
section. The splice must be figured to (msunr that it will take can? prop- 
erly of the greatest transverse bending to whi(;h it could (?ver b(? subj(?cted. 

Tension splices in which the entire section is cut at one point shall 
have a strength equal to that of the cut sc^ction. 

In all splic(?s and connections the arrang(?ment of rivets and splice 
metal must be such as to make the splice or connection for each integral 
part have at least the same proportional strength as th(? whole. 

In all main members having an excess of section above that called for 
by the greatest combination of stresses, the entire d(4ailing is to be pro- 
portioned to correspond with the utmost working cai)acity of the member, 
and not merely for the greatest total stress to which it may be subjecib'd. 
In this connection, though, the reduced capacity of single angles connect(?d 
by one leg only must not be forgotten. 

Designs must invariably be made so that all m(*talwork after erection 
shall be accessible to the paint-brush, excepting, of (?ourse, those surfac(?s 
which are in contact wth each other or with the masonry. This require- 
ment rules out all closed columns of every type and description. 

The bottom flanges of all girder spans and end floor-beams must clear 
the masonry by not less than six (6) inches. 
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In general, details must always be proportioned to resist every direct 
and indirect stress that may ever come upon them under any probable 
circumstances, without subjecting any portion of their material to a stress 
greater than the legitimate corresponding working-stress. 

In all designs simplicity in both main members and details is to bo 
considered of the greatest importance. 

In all structures rigidity is to bo deemed quite as important an element 
as mere strength. 

Structures on skews are to bo avoided whenever it is practica})le to 
do so. 

The use of more than a single system of cancellation in bridges shall 
be confined entirely to lateral systems and sway-bracing, except that at 
mid-panels of trusses two rigid diagonals connected at tluiir intersection 
may, for appearance, be employed, provided that either diagonal shall 
have sufficient stn'ngth to carry the entire shear in tension, and that the 
adjacent verti(;al posts be figured accordingly. 

The us(^ of nnlundant members in structures shall not be allowed, 
excepting only in the case just mentioned of rigid mid-panel diagonals. 

In all (l(*signing true (M^onomj’^ must be given the utmost consideration, 
and no useless material must be employed, every pound of metal in the 
structure having a legitimate function; but economy of material must 
not hi} quot(Hl as an (excuse? for using inferior d('tails or scamping the 
work in respe(?t to strength, rigidity, or appearance. 

In all structural work the subject of {esthetics must be duly considered; 
and all designs are to be made in harmony with the principles thereof, to 
as gre{it an cxt(‘iit as the money available for the work will permit or as 
the environment of the structure calls for. 

(53. Riveting 

In r{iilway bridges the rivets used shall generally be seven-eighths 
(J/Q inch in diameter, snuiller ones being employed for small channel 
flange's and legs of angle-irons less than three (3) inches wide. In heavy 
work the rivet diamciter should be increiised to onc' inch, and in very 
he'iivy work to om^ iind jin eighth or even one and a (juarter ( 134 ) 

inches. In highwjiy bridges for ordineiry work the rivc't diameters may 
be made thre(v<iuarters of {in inch. 

For very long grips tapen'd rivets are to be employed. 

The propi'r diameters for rivets in flanges of channels are {is follows: 

Depth of chinnel 6" 7" 8" 9" 10" 12" 15" 

Diameter of rivet 5^" K' 

The pitch of rivets in all lilasses of work in the direction of the stress 
shall never exceed six ((5) inches, or sixteen (16) times the thickness of 
the thinnest outside plate, nor ever be less than three (3) diameters of 



1666 


BRIDGE ENGINEERING 


CHAPTEa LXXVIII 


the rivet — ^preferably about three and a half (3.5) diameters. At the ends 
of compression members it shall not exceed four (4) times the diameter 
of the rivets for a length equal to twice the width of the member, but in 
no case shall less rivets be used than the theory calls for. In members 
compos('d of two angles, however, a pitch of twelve (12) inches will be 
allowed for riveting the said two angle's together. 

When two or more thicknesses of plate arc riveted togc^ther in com- 
pression membcTs, the outer row of rivets shall not be more than four (4) 
diameters from the side edge of the plate. 

In flanges of plate-girders and chords, carrying the floor, the pitch 
shall not exceed four (4) inches. 

No rivet-hole centre shall be less than one and a half (IH) diameters 
from the edge of a plate, and, whenever practicable, this distance is to 
be increased to two (2) diameters. 

The rivets when driven must completely fill the holes. 

The rivet-heads must, in general, be round; and they must be of 
uniform size for the same-sized rivets throughout the work. They must 
be neatly made and concentric with the rivet-hol(>s, and must thoroughly 
pinch the connected piecjcs together. 

Rivets with flat heads shall be preferred to countersunk rivets; tho 
height or thickness of the flat head shall be three-enghths (^^ of an 
inch. 

In important members rivets shall not be countersunk in platens of 
thickness l(;ss than one-half of the diameter of the rivet. Rivets with 
flattened heads shall be assumed to have only ('ight-tenths (0.8) of the 
strength of rivets that have? full heads. 

Flanges of stringers and girders carrying the vertical load from the 
ties shall have enough rivt'ts to transmit properly both the horizontal 
and the v(?rtieal shears from flange to web. 

Rivets carrying calculated stress and having a grip ex(^('(?ding four (4) 
diameters shall be increased in number at least one per C(?nt for each 
additional sixteenth inch of grip. 

Wherever possible, all shop rivets shall be macJiine-driven, and the? 
machines must be capable of retaining the applied pressuni until aftc'r the 
upsetting is completed. 

Field-riveting must be done with a button sett; the lieads of the 
rivets must be hemispherical, and no rough edges must be left. 

Wherever possible, all field riv(jts shall be driven by pneumatic 
power. 

All rivets in splice or tension joints are to bcj arranged symmetrically 
so that each half of any tension member or splic(;-platc shall have the 
same uncut area on each side of its centre line. 

No rivet is to have a less diam(;ter than the thickness of the thi(;kest 
plate through which it passes, unless the holes be drilled. 

The effective diameter of any rivet shall be assumed the same as its 
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diameter before driving; but, in making deductions for rivet-holes in 
tension-members, the diameter of the holes shall be assumed one-eighth 
(J/g) of an inch larger than that of the rivet. In the effective area of 
riveted members, pin, bolt, and rivet holes shall be counted out for tension, 
and bolt and pin holes shall be counted out for compression. 

64. Details of Design for Rolled I-Beam Railway Spans 

Rolled I-beams used as longitudinal girders shall have, preferably, a 
depth not less than one-twelfth of the span. They shall be pro- 
portioned by their moments of inertia. The unsupported length of the 
top flange shall not exceed twelve (12) times its width. Either one or 
two beams per rail will generally be used. In the former case the spacing 
should be six (6) fec^t six (6) inch(^s, and in the latter case the two beams 
carrying a rail should be spaced symmetrically about the centre line of 
said rail, preferably with a distance of two (2) feet six (6) inches between 
contiguous girders. Throe b(»ams per rail may be used where a very long 
span or a very shallow floor is nec;('ss{iry ; and in this case one of the beams 
should be placjcni directly under the rail, and the other two spaciHl sym- 
metrically about the centre line of said rail, and preferably one (1) foot 
three (3) inches from it. Whores a concrete slab encasing the beams sol- 
idly is employed, no bracing of any kind is necessary. In case a concrete 
slab rests on top of the beams and grips their top flanges effectively, the 
only bracing reejuired will be a frame at each end; and this may be omitted 
if the ends of the beams are encased solidly in the abutments. Where a 
timber deck is adopted, there shall be a bracing frame at each end, and 
the top flanges shall be stayed by diagonal bracing of angles, riveted to 
the webs of th(? beams as near to the top flange as is practicable. Where 
more than two beams per track are employed, the bracing should be placed 
between the two inner beams onl}*’, and solid web diaphragms should be 
placed betweem the beams carrying each rail at each panel-point of the 
bracing. Each I-beam is to have at each end a pair of stiffening angles, 
and two additional on(\s in case the end shear require it. These angles 
are to fit tightly at both top and bottom against the flanges. Under each 
end of each I-beam there is to be riveted a bearing plate of proper area 
and thickness (never less than three-quarters [^] of an inch) to distribute 
the load unifonnly over the masonry, the said plate to be continuous under 
all the beams that support each rail; and it is to bo bolted to the masoniy 
with two fox bolts per beam, one and one-quarter (IM) inches in diameter, 
and extending one (1) foot into the masonry. Where the ends of the 
beams are encased solidly in the concrete of the abutments, the bearing 
plate may be omitted; and in this case the end stiffeners are unnecessary 
provided that the flanges alone are able to distribute the load properly 
over the masonry. The end stiffeners may also be omitted in case a 
concrete slab encasing the beams solidly be used. 
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65. Details of Design for Rolled I-Beam Highway Spans 

Rolled I-beams used as longitudinal girders shall have, preferably, a 
depth not less than one-fifteenth (/15) of the span. They shall be pro- 
portioned by their moments of inertia. The spacing shall generally not 
exceed three (3) feet six (6) inches for wooden floors or five (5) feet for 
a reinforced concrete base. The specifications for railway spans will gov- 
ern in general; but except in the case of a structure carrying electric-rail- 
way tracks on an open timber deck, the floor should be so designed as to 
stiffen the top flanges of the beams effectively, and all diagonal bracing 
should be omitted. The bearing plat(5 at each end of each beam may 
be as thin as five-eighths (^s) inch, and generally there will be a separate 
plate for each beam. Two fox bolts per beam shall b(5 uschI, each one 
and one-quarter (IH) inches in diameter and extending one (1) foot into 
the masonry. 

66. Details of Design for Plate-Girder Railway Spans 

Plate-girders shall have, preferably, a depth not h'ss than one-tenth 
(/lo) span. All plate-girders, whenevcT it is practicable, shall be 

built without splices in the web; and when such become necessary, the 
smallest possible number of them shall be adoptc'd. The splice-plates and 
rivets for the splices shall be such as to devcjlop in every respect the full 
strength of the net section of the web, the main splice-plates extending 
from flange to flange and having generally three (3) rows of rivets on each 
side of the joint, and being figured to take car(5 of the bending strength 
of the portion of the web they cover, and also the shearing strength of 
the entire web. The bending strength of the portion of the web covered 
by the flanges shall be cared for either by splicc'-platos covering the ver- 
tical legs of the flange angles, or else by the ('X(!ess section of the flange 
at that point. There must be sufficient riv(^ts through th(5 flanges to 
develop the bending str(?ngth in a distance not greater than two (2) feet, 
the stresses on the said rivets due to the increment of flange stress being 
duly considered. 

Splices in flange-plates and angles must always ])c avoided when suf- 
ficiently long plates and angles are procurable. When? flange-splices are 
unavoidable, they must be so locatc'd that no two pieces of either the 
flange or the web shall be splic(Hl within two (2) f(M^t of each other, and 
so that no flange-splice shall occur at any point where there is not an 
excess of sectional area above the theoretical requirements. Every non- 
continuous flange-piece shall be fully spliced so that the splicing plates 
and rivets shall have a calculated strength at least ten (10) per cent greater 
than that of the section spliced. Field-splicing of plate-girders will never 
be allowed for fixed spans, except in stnicttires for foreign countries. 

At least forty (40) per cent, and preferably one-half, of every flange 
section must consist of angles or of angles and side-plates; but side- 
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plates should be avoided whenever possible. The number of cover-plates 
must be made as small as practicable, in no case exceeding three (3) per 
flange. The lengths of these cover-plates must be such as to make them 
project at each end not less than eighteen (18) inches beyond the point 
determined by the calculations for the requisite resistance to bending. 

Wh(?re two or three cover-plates per flange are used, they shall be of 
equal thickm^ss, or shall decrease in thickness outward from the angles. 
The cover-plates shall not extend more than four (4) inches or eight (8) 
times the thickness of the outer plate beyond the outer line of rivets. With 
cover-plates more than fourteen (14) inches wide, four (4) lines of rivets 
shall be used. 

The compression-flanges of plate-girders shall generally be made of the 
same gross s(‘ction as the tension-flanges; and they shall, preferably, be 
so stiffened laterally that this section will be sufficient. The unsupported 
length of the compression flange shall not exceed twelve (12) times its 
width for deck girders on tangent and for through girders; but for deck 
structures on curve's the said unsupported length shall not exceed six (6) 
times the said width. For deck girders supporting ties on the top flanges 
it is generally b(\st to avoid the use of cover-plates. Where two angles 
fail to provide; sufficient see;tion, the flange should be composed of four 
angle's with the eelge's of the vertical legs in contact and having siele-plates 
place'el on these vertical legs when required. 

In deck-spans there are to be bracing frame's at the ernds, and in spans 
of thirty (30) fe'et and over also at intermediate points not more than 
fifteen (15) fe'e;t apart; and the're is to be an effective system of diagonal 
bracing of angle's between the top flanges of the contiguous girders for 
e'ach track. For deck spans of seventy (70) feet and over there is to be 
a similar syste'in of eliagonal bracing between the bottom flanges. 

For double-traeik eieck-spans over sixty-five (65) feet long, a system 
of top lateral bracing shall be used between the two inner girders, as well 
as bi;twe('n each pair of girders under each track. Intermediate bracing 
frames shall not be used between the girders of adjacent tracks. 

In half-through spans the girders arc to be divided into panels not 
exc(;('ding in length twelve (12) times the width of the flange, and there 
is to b(' a brack('t of web plate and angle's at each end of each cross-girder 
extending to the top flange of the longitudinal girder, so as to stay the 
latter effectively. This brack(;t must extend inward to the standard clear- 
ance lines. It will not be permissible to dispense with the steel stringers 
by resting the ties on the bottom flanges or upon special shelf angles. 
Half through plate-girder spans arc generally to have a rigid, double-can- 
cellation lower-lateral-system of angles riveted together by plates and 
angles at their intersections and to the bottom flanges of the steel stringers, 
if the latter be employed; but if a steel trough floor be used, the laterals 
arc to be omitted. In this last case brackets similar to those above 
specified and similarly spaced shall be riveted to the troughs. 
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When steel stringers are usc'd, their top flanges shall be braced later- 
ally at points spaced not to (‘xceed twelve (12) times the width of the 
said flanges. 

The thickness of any web plate shall not be less than one-two hundredth 
CI 2 G 0 ) of fho unsupported distance between flange angles, but not more 
than one-half (1 2 ) inch unless a gn'ater thickness be required for shear. 

Web-stilTeners shall be placed at the ends of plat(^-girder spans, also 
at all points of concentrated loading and at intermediate points at dis- 
tances not exceeding eithc'r the depth of tlu' girder or five (5) fcM^t, ('xc(?pt 
in th(‘ case of shallow girders where the shikar, including impact, does 
not exceed five thousand (5,000) pounds per square' inch of web section. 
Under such circumstances tJie spacing of intermediate stiffeners may be 
made as great as thn'e' (.‘1) feet six (6) inches. All stiffeners must bear 
tightly at top and bottom against the' flange angles. Tender end stiffeners 
there must be fillers flush with the flange angh's, but intermediate stiff- 
eners shall, preferably, be crimped. All stiffeners must be in pairs. End 
stiffening angles shall extend as nearly as ])ractica])le to th(' out('r (xlges 
of the flange angles. Th(\v must have suffi(d('nt area in th(^ outstanding 
legs only to carry the entire end shear, iiK^luding impact, with the speci- 
fied intensity of working-stress, no n'liance being placc'd on the fillers. 
The latter shall have the same thicknc'ss as the flange angles. The sec- 
tions of intermediate stiffening angles shall not be k'ss than those given 
in the following table: 

TABLE 7Sc 

1 NTEUMEDIATK StIKFE.VKIIS FOR (iIROERS 


Oulatanding Tiee of Flange Angle 


8" — for girdors over nine (9) feel in depth. 
S" — for girilers up to nine (9) feet in depth 

6 " 

f)" 

4" and under 


DimensionH of Angles 


X 

V 2 ' 

XH" 

;V' 

X 


X»s" 

1" 

X 

:v' 

X?8" 

S' 2 " 

X 

s" 

X?8" 


X 


x?8" 


In proportioning tin; flanges of plate ginh'rs, oiu'-eiglith of the 
gross art'a of the W('b is to be assunn'd as concc'nt rated at the centre of 
gravity of each flangf*; or, in othtT words, after having found thci m^t 
s(?ctional area required for the tension-flange by ignoring th(i rc'sistance 
of the web to bending, there is to be subtracted tluTcfrom onc'-eighth 
(3^) of th(^ gross area of the; w(d)-platc. 

At the c'nds of all plat(5 girders there must be sufficient rivets in each 
flange to transfer propc;rly thereto from thc^ w('b the resultant of the 
total end shear and the vertical load thereon in a distance cepial to the 
effective depth of the girder. 

At the ends of cover-plates the spacing of the rivets which attach 
the covers, for a length equal to at least twice the width thereof, shall 
not exceed thnMj (3) inches. 
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For spans less tlian fifty (60) feet in length, there is to be placed under 
each (ind of each plate girder a steel casting at least six (6) inches high, 
which shall be figured so as effectively to distribute the load uniformly 
over the masonry. A sole plate three-quarters {%) of an inch thick 
shall be riveted to the bottom flange of the girder, and shall bear directly 
on the said casting, the bottom surface of the sole plat(? and the top sur- 
face of th(5 casting being planed longitudinally. The girder shall be 
bolted to the casting with du(i provision for expansion and contraction, 
and the casting is to b(? bolted to the masonry with two (2) fox bolts, 
one and one-c^uarter (1 M) inches in diameter, extending eighteen (18) inches 
thereinto, (lirders fifty (60) feet long and ov(t are to have rocker-ends 
and rollers. These shoes shall be so designed as to prevent any trans- 
verse motion or possible uplifting. Th(‘ minimum allowable diameter 
of rollers shall be six (0) inches, and they must be enclosed in dust tight 
boxes. Ea(!h shoe must be bolted to the masonry by four (4) fox bolts, 
one and oiK^-quarter (IK) imihes in diamet(T, ext('nding eighteen (18) 
inches thereinto. 

Bridges on an incliiK^d grade without pin sho(\s shall have the sole 
plates beveled so as to makc^ the sliding surface? horizontal. 

67. Details of Design for Highway, Plate-Girder Spans Without Steel 

Floor Systems 

In designing a span of this type*, the specifications for railway plate- 
girder spans are to l)e followed in geiK'ral. The de])ths of the girders 
shall, i)r(*f(Ta))ly, be not l(‘ss than one-twelfth (V12) th(*ir span. The 
use of rnetal five-sixte(‘ntlis (fio) inch tliick will generally be permissible, 
and for light girdcTs intermediate stiffening angitis as small as two and a 
half (2} 0 by two and a half (2y0 inch('s may be iisc'd. For light, cheap 
structur(\s the diagonals of th(‘ lateral systems and sway frame's may be 
made of adjustable' re)els. The minimum eliamete'r of redle'rs in e'xpansion 
shoes shall be' fe)ur (4) iiie*lie's. For light struertures roe*ker-enels and rolle'rs 
will be require'el only in spans exceeding seventy (70) feet in length. 

68. Details of Design for Highway, Plate-Girder Spans with Steel Floor 

Systems 

In structure's of this type there will gene'rally be twe) line's of longitu- 
dinal girders plae-e'e! at about the quarter-points e)f the' e*re)ss-soctioii, the 
central portion of the? re)aelway be'ing sui)i)e)rte'el l)y cross-girde'rs betwe'e'n 
the main girele'rs, while the outer portions are carrie'el on e*antilcver brackets 
placed at e'ach end of e'ae*h e'ross-girele'r. 

The stringers shoulel, preferably, be rolled I-beams or channe'ls, the 
former being generally useei for interme'eliate stringers, anel the latter fe)r 
the stringers at the sides of the structure. They shall be proportioned 
by their moments of inertia. Their length shall, preferably, not exceed 
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fifteen (15) times their depth. The flooring should be so designed as to 
stiffen their top flanges effectively, if possible, otherwise the said flanges 
must be supported laterally at points spaced not to exceed twelve (12) 
times their width. They shall generally be riveted to the webs of the 
cross-girders or cantilevers; but if they be set on the top flanges (which 
will rarely be necessary except for sidewalk stringers), they must be 
braced transversely by bracket plates riveted to the cross-girders or to 
the cantilever beams. The end stiffeners arc to be faced or otherwise 
treated so as to ensure that the stringers will be of c‘xact length, and 
that they will have a uniform bearing against the webs of the cross-girders 
or cantilever brackets. 

The cross-girders and cantihiver beams shall preferably be plate-girders. 
In general, they will be designed in accordance with the specifications 
previously given for the girders of railroad plat(vgird('r-spans. The min- 
imum thickness of metal is to be five-sixteenths (®(e) <>f a-R inch, and the 
minimum size of angle used for intermediate stiffeners, two and a half 
(2J/^) by two and a half (2J/^) inches. Due consideration shall be given 
to the effects on the floor-beam of live loads on the cantilever arms; and 
in figuring the rivc^t pitches in the flangc^s of the cantilever beams, due 
account shall be taken of the effect of the inclination of the bottom flange. 
The effect of vertical loads on th(5 top flangc^s of floor-beams and canti- 
lever beams must be considered when figuring rivc^t pitches. The end 
stiffeners are to be faced or otherwise treated so as to (msure that they 
will have a uniform bearing against the webs of the main gird(Ts; and 
the bottom flanges of the cantilever brackets are to be faced so as to have 
a full bearing on the said webs. The bottom flanges of the cross-girders 
must be similarly faced when, as is usual, the cantilever brackets an; of 
the same depth as the cross-girder. When the cantilever is shallower, 
two horizontal angl(;s mill(;d to bear on the end stiffen(;r angl(;s of the 
cross-girder shall bo placed on the cross-girdcT web opposite the; bottom 
flange of the cantilever. These angles shall have sufficient area in tlunr 
outstanding legs to carry the entire thrust from the said bottom flange; 
of the cantilever, and shall be (;onnect(;d to the w(;b of the cross-girder 
by a sufficient number of rivets to transfer th(;reto the; said thrust. These 
angles shall not be crimped, but shall have fillers under them as r(Hiuir(;d. 
The entire tension from the top flange of the cantilever shall be provided 
for by a strap plate riveted to the top flange of the cross-girder and 
cantilever, which shall preferably be at the same elevation; and generally 
the top of- the upper flange of the main girder is to be at this same 
elevation. 

The top flanges of the cro.ss-girders are to bo stayed at points spaced 
not to exceed twelve (12) times their widths, and preferably spaced so 
that the gross section of the tension flange will suffice for the compres- 
sion flange. These supports will generally be furnished by the stringers, 
or by the flooring directly. The bottom flange may also have to be 
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stayed, when there is considerable stress reversal with live loads on the 
cantilevers only. The bottom flange of the cantilever is to be so stayed 
that the unsupported length shall not exceed twelve (12) times its width. 
This support is usually to be furnished by a stringer, a bracket plate on 
the end of the stringer being riveted to a full-depth stiffener angle on the 
cantilever in case the stringer does not extend down to the bottom flange. 
When a concrete floor slab is used, this will stay the stringers longitu^- 
nally; otherwise diagonal bracing between the outside lines of stringers 
and the main girders must be adopted in one panel per span. 

The lateral system is usually to consist of a double-cancellation system 
of rigid diagonals at the elevation of the bottom of the floor-beams. These 
diagonals are generally to be composed of two angles riveted back to 
back. No provision for traction forces will be necessary, unless the struc- 
ture carry electric railway tracks on an open timber deck. In this case 
one horizontal truss p(T span is to be formed at the elevation of the bot- 
tom of th(5 stringers carrying the electric railway, to transfer the traction 
loads to th(? main girders. The laterals should be utilized for a portion of 
this truss, in case they are close to the bottom of the stringers. 

Under each end of (iach end floor-beam theni is to be provided a solid- 
web bracket rivetcKl to the bottom flange of the floor-beam and to the 
end stiffeners or web of the main girder, in ordcT to transfer the trans- 
verse loads down to the shoes. Should there be no imd floor-beam at one 
end of a girder, an open-web bracing frames should be riv(^tcd to the end 
stiffeners, c‘xt(mding up as high as the stringers will permit. In long 
spans there; should be used, at (;ach end of (‘ac;h intermediate floor-beam, 
a diagonal brace; of one or two anglf;s extending from the bottom of said 
floor-beam down to the; bottom flange. 

The elesign of the main girelers shall in general ce)nform to the specifi- 
cations for the girders of railroad plate-gireleT spans. Metal as thin as 
five-sixte*e;nths (/{e) ii^^*h may be used. The le;ngth should preferably 
not exceed twelve (12) timeti the depth. The top flange should be so 
staye'd that the unsupported length will not e;xceeel twelve (12) times its 
width, anel, pn'ferably, so that the gross area of the bottom flange will 
suffice for that of the upper flange. In ctise a concrete floor-slab is used, 
it should rest on the top flange, so as to stay it effectively; but with a 
timber dc'ck no reliance can be placed on the stiffness of the floor, and 
the top flange shall be assumed to be stayed only by the cross-girders, 
unless special diagonal bracing of angl(;s be employed to stiffen it at the 
centre of (;ach panel. 

The d(;tails of the shoes must conform to the specifications for rail- 
road platogirder spans, ex(;ept that for light structures the diameter of 
the rollers may be as small as four (4) inches, and that rocker-ends and 
rollers are to be used only for spans exceeding seventy (70) feet in 
length. 
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69. Provision against Excessive Deflection 

If local conditions make necessary a depth of plate girder less than one- 
twelfth (^( 2 ) of the span for railway bridges, or less than one-fifteenth 
(/ 15 ) of the span for highway bridges, enough m('tal shall b(‘ added to 
the w('b and flanges to reduce the deflecition to that which would occur 
Avith the above limiting dei)ths. A similar provision is to bt; made for 
rolled I-beam spans when the depths ani less, resp(?ctively, than one 
fifteenth Chb) one-eighteenth (Vis) of the span. 

70. Details of Design for Open-Wehhedy Riveted-Girder Spans 

All open-webbed, riveted girders sliall be riveted up completely in the 
shop whenever possible, as field-riveting will usually be allowed only for 
the lateral bracing, except in structures for forc^ign countries. Wlnmcwer, 
for any reason, this method is impractical )!(', all of the truss-m(»nfl)ers will 
have to be assembled in the shop, after Avhich the riv(4-hol(‘s for tluj con- 
nections shall be renamed so as to ensure pi'rf ect. fitting in tin; fi('ld. The 
use of shallow, oiien-webbed, riveti'd girdiTs shall be avoided whenc'ver 
possible*, for the r(*ason that they are quite as (*xp('nsiv(* and never as 
satisfactory as plati? girders. In case, though, of thi'ir b(*ing requireil, as 
for instance in (*levated railroads occupying city streets, they an* to be 
provided with short, substantial web-plates at th(^ (*nds and at all inter- 
mediate points where connections an* mndc^ to oth(*r gird(*rs. In no case 
will it be permissible to use flats instead of angles for web-members, but 
tees may be employ(*d, provided their heads bo wide (*nough to permit of 
satisfactory" riv(*ted (fonnections. 

At all inters(*(;tions of web-members with chords, connecting or gusset 
plates are to be us('d; for it is not permissible to attach w(*b angles directly 
to chord angles without using an interm(*diary plate*. Th(^ thickness of 
gusset plates shall be i)ro])ortionate to the stn*ss('s to Ix^ transf(*rred, and 
their resistance both to shearing out through tin* lines of rivets and to 
the direct and the bonding str(*ss(*s induced l)y th(^ m(*mb(*rs connected 
to them shall invariably b(* amide*. Tin* (»xa(!t int(*rs(»(dion at a point of 
all the gravity lines of girder-m(*mbers asseml)ling at any apex must be 
adh(?red to in the designing of op(*n-webbed, riv(d(*d ginlers. 

In designing all rivet(*d conn(?ctions, th(; great(*st can^ is to be taken 
to make connecting plat(;s and groups of rivcits balance about c(*ntre lines 
of stress, especially whercj passing from rivetcnl work to pin-connected, as 
in the case of a rivet(*d span with hingc*d ends at pf*d(^stals. 

In all other particulars, the designing of opcn-wcbl)cd, riveted work 
is to comply, wh(*rever practicable and proper, with the specifications for 
plate-girder and riveted-truss spans. 
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71. Details of Design for Riveted-Truss Railway Spans 

The sections of the top chords and those of the inclined end posts of 
through-spans shall consist, generally, of two built channels and a cover- 
plate, (‘ach channel bc^ing fomuHl of a web and two angh's, the upper one 
small and tlu; Iowct oik? much larger, so as to bring thci (?('ntre of gravity 
of th(^ (mtin^ l)Ox s(K;tion of th(^ member as close as possible* to the mid- 
plane of th(^ w('b-plat(*s. In no ciise will more than one cover-plate be 
allowed, and this is to bc^ made as thin as is proper. 

Main ve'rtical posts shall, generally, be composed of two laced chan- 
nels, pr(^f(Tably roll(Ml one's, although built ones must be usenl where larger 
seH*,tions are^ renpiire'e!. Sen^onelary ve*rtie?al posts may be built of two 
rollenl e?hannels lace*d, or of fe)ur anglers in the form of an I with e'ither a 
single line^ of lacing or a we*b. ''riie* channe^ls of vertical posts should 
usually have their flange's turne'd inward. 

Main diagonals shall ge'iic'rally be composed of two rollenl or built 
e;hanne'ls, e'xee'y)t for the iiite'rseesting eliagonals in the centre; panel of a 
truss with an exld numbe'r e)f jiane'ls, whii^h should usually be composed 
of four angle's in the; fe)rm of an I. Secondary eliagonals may be maele 
of e;ithe'r two ehaniu'ls" ge'ne'rally rolled — or four angle's in the form of an 
I. All diagonals which have to sustain compression must be laced, but 
for others the use; e)f batte;n plate's abe)ut thre;e; (3) feet from centre to 
e;e;ntrc will be satisfae^tor}". The channels of diagonals will ordinarily 
have the'ir flanges lurned inwarel. 

Hangers Avill generally be; ee)mpe)seei of four angles in the form of an I, 
with a e;e'ntral we;b or a single line of batten plates. For heavy sections, 
the use; e)f two rolle;el or built channels, with two line's e)f batte'n plates, 
may be; iie'ce;ssary. These channels will ge;ne;rally have their flange;s turned 
inwarel. 

The ])ottom chords in she)rt. span brielges will usually be composed 
of four angle's in the; form of an I, Avith a single line of lacing in the e'nd 
pane;ls, and batte'ii plate's in the central panels. The* use of a central 
web is not ofte'ii advisable; and whe'ii e'mple)j’'e'el, drain-holes about two 
(2) inche's in diameter shoulel be use;el, spaced about three (3) feet from 
centre; te) ee'iitre. For lemge'r spans the bottom chords shall ge'nerally be; 
maele; of twe) built eihannels having the flanges turned inward, with two 
line's of lae;ing in the end panels, and two line's of batten plates in the 
central panels. 

Uppe'r late'ral struts, overheael transverse struts, anel web-stiffening 
struts shall, i)re'fe'rably, be maele; of four angles with one line of lacing. 
In case;, howe;ve;r, the said angles be spaced ver}^ far apart, as in latenil 
struts conne'e;ting unusually deep top chords, tlu'v are to be place'd em the 
corners of a rectangle, with their legs inward, and laced on all four faces 
of the box strut thus formed. 

In short spans, two angles riveted back to back, or even a single large 
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angle, may be used for lower lateral diagonals; but for long spans the 
said diagonals are preferably to be made of four angles in the form of an 
I with a single line of lacing. When two angles are used, a single plate 
must not be depended on to form the splice at the intersection of the 
diagonals, but there must be employed also a top splice plate attacluHi 
to hitch angles which rivet in the field to the vertical legs of the diagonal 
angles. 

Diagonals for upper lateral systems and vertical sway-bracing shall, 
preferably, be built of four angles in the form of an I with a single line 
of lacing; but, for structures where this section would involve an ex- 
travagant use of metal, two of the angles, one at top and one at bottom, 
may be omitted, thus making each stmt consist of two angles laced, pro- 
vided, of course, that where the struts cross they shall be rigidly con- 
nected by two plates of ample size. This unbalanced section for such 
diagonals is to be avoided whenever it can be done without undue use 
of metal. In no case, though, will it be permissible to use angles in ten- 
sion that are not capable of properly resisting compressive; str(;ss, with 
due regard for the specified limit of ratio of unsupported length to lc*ast 
radius of gjTation. 

In designing transverse lateral and overhead struts and their connec- 
tions it must be remembered that their main function is to hold rigidly 
the chords or posts to place; and line*, and ne)t mere;ly to re;sist as columns 
the greatest calculated direct stresses to which they may be subje*cted. 
For this reason such struts must have ample section for rigidity, anel 
the connecting plates at their ends must grip both connected membe'rs 
effectively. 

Stringers for tmss-brielges shall almost invariably be built of plates 
and angles, and no cover-plates will be allowed for the flanges. Their 
depths shall be made not less than the most economic ones in r(;spect to 
weight of metal required, provided that the bridge clearance will permit, 
and never less than one-twelfth (^ 12 ) of the span. No splice will b(; 
allowed in their flanges nor any in their webs, provided that sufficiently 
long web-plates are procurable. The compression-flanges shall be made 
of the same gross section as the tension-flanges; and they shall be so 
stiffened that this section shall be ample to care for the compression stress, 
and under no circumstances shall the unsupported length exceed twelve 
(12) times the width of flange. Rigid diagonal bracing of angles is in- 
variably to be used between the top flanges of stringers, and rigid bracing- 
frames are to be employed at all expansion points. If the panel l(;ngth 
exceed thirty (30) feet, there shall be a bracing-frame at mid-length be- 
tween the stringers pertaining to each track, but not between those of 
adjacent tracks. In respect to intermediate stiffening angles for stringers, 
the rules governing those for plat(^-girdcr spans are to be followed; but 
the end stiffeners are to be faced or otherwise treated so as to make the 
stringers of exact length throughout, and so as to effect a uniform bear* 
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ing of the end stiffeners against the webs of the cross-girders. In through 
spans the outstanding legs of the end stiffening angles of the stringers 
arc to bo made six (6) or seven (7) inches wide with the rivets placed 
as near the tips of said legs as is proper. 

In respect to proportioning of flanges and number of rivets required, 
the rul(is given for plat(5-girder spans are to apply also to stringers. The 
said rules arc to apply also to cross-girders, as shall also those relating 
to stiffeners, spli(!es, cover-plates, and size of compression-flanges that are 
given for platen-girder spans. Whenrever it is nenenessary to notch out the 
corners of then cross-girde'rs to clear the (ihords or the end pins, the greatest 
care must be taken to provide an adequate means for transferring the 
shear to the posts without impairing either the strength or then rigidity. 
If ncnenc'ssary, in through-bridges the web of the cross-ginUnr can be divided 
into three parts so as to let the end portions project above the top flange 
anti form braekt'ts that will afford opportunity for using an ample num- 
ber of rivt'ts to connect to the posts, and that will strengthen properly 
the otht'rwist^ weakentnl cross-girder. 

In ordtT to carry tlu' thrust of trains from the stringers to the trusses 
through the lowt'r lateral diagonah, the latter and the stringers are to 
be made to form (?<)mplete horizontal trussc's by running angles between 
stringers at th(' l(‘vel of the bottom flanges. In singl(5-track bridges two 
pieces of angle per panel running transversely between stringers at the 
inters(H?tion of the latt(T with the diagonals will suffice; but in double- 
track bridges th(T(' will be required one such angle per panel between 
inner stringers, two diiigonal angles p(T paned to run from where the 
lat(‘ral diagonals int(TS(H*t the outer string('rs to where the inner stringers 
mcH't the cross-gird(Ts, and either one or two diagonal angles i>(t panel 
running fn)m when^ oiu? inner stringer mec'ts the cross-girder to where 
the otluT iniuT string(*r meets th(^ lateral diagonal. In other words, only 
one-half of (‘ach i)anel is to be provided with traction bracing. 

All platc's, angles, and channels used in built members of trusses must, 
if practicabh*, be orden'd the full length of the piece; otherwise, the 
partial splices must develop one and one-tenth (iVio) times the full 
strength of tin* portion cut, Avithout any reliance being placed on abut- 
ting ('lids for carrying comjin'ssion. 

In total splic('s at the ends of compression m(^mb('rs, where the entire 
section is (ait at one point and the ends are faced, the detailing must be 
proportioiu'd for at. least sixty (60) per c('nt of the ca]iacity of the member; 
and in similar total sjilicc's at the ('nds of tension members, for one hun- 
dred (100) p('r c(*iit of the said capacity. In total shingle splices in either 
tension or compression m('mbers, the detailing must be pro])ortioned for 
at least one hundred and ten (110) per cent of the total strength of the 
m(^mb(;r. 

The unsupportiid widths of plates stress('d in compression, measuring 
between centre lines of rivets, shall not exceed thirty-two (32) times 
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thoir thickness, ('X(?ept in the case of cover-plates for top chords and 
inclined end posts, where the limit may be increased to forty (40) times the 
thickness. Where webs are built of two or more thicknesses of plate, the 
rivets that are used solely for making the several thicknesses act as one 
plate shall in no ease be spaced more than tw(4ve (12) inches from each 
other or from other rivets connecting the said component thicknesses 
together. The least allowable thickness for such compound web-plates 
shall be seven-('ighths {JQ of an inch. 

The open sides of all compression members composed of two rolled 
or built channels, with or without a cover-plate, shall be stayed by tie- 
plates at ends and by diagonal lacing-bars or la(*ing-angl(‘s at interme- 
diate points; and compression members composted of four (4) angles in 
the form of an I or of two (2) angles in the form of a chamiel shall be 
similarly stayc'd. In any rigid tension member or in a compression mem- 
ber that has a cc'ntral we!) connecting the op])osite halves of the piece, the 
lacing may l)i^ omittc'd and n'placed l)y tii'-i)lat(‘s. 

Th(? end ti(‘-plat(‘s shall he plact'd as close as practicable to the ends 
of the compression mem! )ers. For main members of trusses thc'ir thick- 
ness shall not !)e less than on(‘-fifti<‘th (^ 50 ) distancic' !)etw(M'n the 

centre lines of th(‘ rivets !)y which they are coniu'cted to the? flange's, unless 
the said tie-plates l)e well stiffem'd l)y angle's, in which case^ tlu'y may l)ej 
made as thin as three-eighths (^s) e)f an ine'h; and their le'iigths shall 
never be less than their widths, unless tliey !)e' edose to a web eliapliragm 
of the mf'm!)er, in whiedi erases they may !)e as slie)rt as twedvi' (12) indies. 
For members of the^ late'ral and sway liracing, the thie^kness of tlie end 
tie-plates shall ne've'r lie' le'ss tlian one'-sixtieth ('go) t>f the? elistance !)e- 
tween the centre line's of the^ rivets })y wliich they are' ceinne^cte'el to the 
flanges, and their lengths shall newer lie less than e'ight-te'ntlis (/(o) of 
their widths. In case' tlie use of intermediate ti(^ or tiatte'ii yilate's is pe'r- 
missible, their thickness shall !)e the siime as that spe'cifie'el for tlie corre- 
spemeling end tie-plate's, and their lengths may l)e^ as small as enievhalf of 
that specified for the said end tie-plate»s, but never less than ninej (fl) inche;s. 

The lacing of compression nu*mbcrs must be strong e^iieiugh to re^sist, 
in addition to actual transverse loads, the sliear given by the formula, 

2 (W) P 

^ - - j] 

16,000 - 60 - 
r 

where S = shear on the lacing, 

P = total compression on the member, 

I = unsupportcMl length of member, 
and r = radius of gyration of member, 

I and r Ixdng taken in a direction parallel to that of the lacing. 

Lacing may be either single or double, the former generally being pref- 
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erablo. The bars or angles in single lacing shall usually mjtkc* angles of 
about sixty ( 60 ) degrees, and those in double lacing about forty-five 
( 45 ) degrees with the axis of the member; but for light, unimportant 
struts these values may be decreaseil somewhat. In order to provide 
ample room for painting, the bars shall be so arranged, and the spacing 
of the leaves of the mc'mber shall be su( 4 i, as to pcTinit of the insertion of 
a cylinder four ( 4 ) in(!hcs in diameter at any point in the s3^stem. Lacing 
bjirs may be connected to the flanges by only one rivet at ('ach end, unless 
th(^ shear above specified shall require a gn^atc'r numbcT; but lacing- 
angles must always be connected by at h^ast two (2) rivets in (‘ach end. 
Th(? axes of adjacent lacing-bars or angk^s shall preferablj’^ intersect on the 
line of rivets in the flang(\s of the main member b^’^ whi(?h they are con- 
nect(»d thereto. The bars or angles in double lacing must be riveited at 
th(‘ir intersection. 

For main members of trusses the thierkness of lae^ing-bars shall never 
be less than on('-fe)rtieth (^40) of the elistance betweM^n end rivets for 
single laeang and emevsixtie^th (Jeo) theTe‘e)f fe)r double lae'ing, measuring 
l)e?tween inmost rivers in case the're be me)re' than one* rive*t in e'ach enel. 
Fe)r membeTs of Integral and sway-bracing, the* e*e)rre*sponeling limits shall 
be^ oneMiftie»th (^50) anel one-sewemty-fifth (/ys). The minimum width 
e)f bar in whiedi a scven-(*ighths {%) inch rivet may be* use*d is te) be two 
anel one-half {2]/^ inc;he*s, and the minimum width e)f angle leg, thre*e 
(.S) inches. Fe)r three-quart e'r (^4) inch rive'ts the ce)rre*s])onding limits 
are^ to l)e two anel one*-quarte*r (234) inche*s anel two and e)ne*-half ( 2 )^) 
ine;he*s. The sinalle*st section for a lae*ing-bar shall be^ twe) and oiie*-quarte*r 
(2! 0 in(he*s hy thn'e*-eighths (^x) e)f an inch, and tlie smallest se*ed ion for 
a lacing-angle, two anel enie lialf (2) 2) inches by two (2) iiiche*s by 
tlire*e»-e*ighlhs ^ of an inch. 

l^ins are* te) be* ])re)]ie)rtioned te) re*sist the gre*ate*st she*aring anel bending 
pre)elue!e'd in the*iii by tlie* me»mbe»rs which they ce)ime*e*t. 

In de*tairmg me*nibe*rs compose'el e)f fe)ur angle»s in the* fe)rm of an I with 
a single line e)f lacing or tit'-plates, the cle*ar elistance be*twe*e*n backs of 
angle»s shall neve*r be* maele less than thre'e*-quarl e*rs ('^4) e)f an inch, in 
orek*r to permit the^ inse*rtion of a small paint brush. 

'^rhe* le*ast alle)wable eliaine*te*r for expansion rolle*rs is six (G) inches; 
anel the*y must be* maele s(*gme*ntal. The\" are to be supporte*el elirectly 
<m a e*.ast-ste*el pe*ek*stal, anel the ek'tailing must be so designed as to permit 
of a fre*e move*ment of the re)lleTs in the longituelinal direction of span 
sufficient to take up the extre»me variations in le*ngth elue to te*mperature 
change*s anel live-loael chore! stresses, anel at the same time prevent any 
transve'rse motion of the* e'nd e)f the span. The rolk'rs are to.be covered 
by an apron which make*s the enclosed space praertie^alljr dust-tight; and 
the saiel apron is to be removable so as to i)e*rmit of the cleaning of 
the saie! enclexsed space. The boxing, he)we*ver, must not retain water. 
Segmental rollers shall be geared to the upper and the lower plates. 
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All shoe-platos, bod-platos, and rollor-platcvs an^ to be so stiffened that 
the extreme fibre stress under bending, when impact is included, shall 
not exce(?d sixteen thousand (i6,000) pounds for carbon steel and twenty- 
six thousand (26,000) pounds for nickel steel having an elastic limit of 
fifty-five thousand (55,000) pounds per scpiare inch, with proportionate 
increase for greater elastic limit. 

Pedestals shall be eitluT of cjist steel or built up of plates and shapes, 
preferabl^y the former. In built pcHh'stals all bearing surfac^c's of the base 
plates and v(Ttical l)(‘aring platc's must be ]daned. The vcTtical plates 
must b(> secur(‘d to the base by angles having at least two rows of rivets 
in the vertical legs; and the said vertical platcvs must bear ])roperly from 
end to end upon the base. No base plat(‘, vertical plate, or connecting angle 
shall b(i l(\ss in thickness than three-quarters (^4) of an inch. The ver- 
tical plat(*s shall be of sufficient height and must contain ('iioiigh metal 
and rivets to distribute properly the loads over th(‘ bearings or rollers. 
No metal less than three-cpiarters (^ J) of an inch in thickness shall be 
uso(.l in cast-steel pedestals. The bases of all cast-stecd ]MMl('stals shall 
be planed so as to bear ])rop(Tly on th(‘ masonry or th(‘ rollcTs. All rollers 
and the faces of base plates in contact therewith ar(‘ to be finished smooth, 
so as to furnish p(‘rf(*ct contact betw('en rollcTs and ])lat(\s throughout 
th(‘ir entire h'ngth. All pedestals, wh(‘th(*r built or cast, must have oiuj 
or more diapliragms between webs, carried up as high as tlu' g(*n(‘ral 
detailing will j^Tmit, so as to transmit transverse^ horizontal thrust to 
the base without overstressing the webs by bending in their wc'akest 
direction. Pedestals must not be allowed to hold wateT. If practicable, 
their boxed spac(?s are to b(' filled with rich concrete. 


72. Details of Design for Itiveted-Tniss Highmtij Spans 

In general, the rules given for the cletailing of riv(?t(M 1-truss railway 
spans are to be adhered to in the d(‘tailing of rivet(;d-truss highway spans, 
with the following possible exceptions; 

In cheap highway bridges the lateral diagonals may Ix^ made of ad- 
justable rods with right-and-l(‘ft devisees at their ends, by which they are 
to be connected through pins to coriUT-plates that are riv(‘t(xl to both 
the latcTal strut and the truss member. Th(» unscicMitific d(;tail consisting 
of two or thn^c short pieces of angle iron riveted on top of the cov(*r- 
plate, and between two of which the rod li(‘s, will not ))e ixTinitted. WIkto 
adjustable rods are ('inploycHl, the struts to the* ends of which they attach 
must be figured for a tdtal compn^ssivi; stress (xjual to the? sum of the 
components (in the dir(^ction of the sjiid strut.) of the gr(‘at(^st allowable 
working-stresses on all of the adjustable rods mecfting at one emd of said 
strut. While this method gives an excessive stress for the strut, the 
effect will be a d(;sirablc error on the side of safety and rigidity. 

Where built stringers are used for the floor system, they shall be 
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made without cover-plates, and generally of the economic depth in re- 
spect to total weight of metal, but never less in depth than one-fifteenth 
(/is) of the span. Where such stringers are employed, the lower lateral 
system must invariably consist of rigid secitions, c?ach piece being riveted 
to each stringcT where it crosses the same, if practicable. 

Th(^ smallest section for a lacing-bar shall be one and three-quarters 
(1^) inches by five-sixteenths (/(e) of an inch, and the smallest section 
for any lacing-angUi 2]^" X 2" X /is"- No pin is to have a smaller 
diameter than four (4) inches. The least allowable diameter for expansion 
rollers is four (4) inches. 

73. Details of Design for Pin-Connected Railway Spans 

The detailing of pin-(;oniiected railway spans is to follow in general 
th(i specifications prcwiouslj'^ given for the detailing of riveted-truss rail- 
way spans, with tlu' following exceptions: 

Th(^ sections of the top chords and those* of the inclined end posts of 
through-spans shall consist, g(*nerally, of two built channels and a cover- 
])late, each chaiuu*! being form(*(l of a W(4) and two anglers, the upper one 
small and the lower oik* much larger, so as to bring the cemtre of gravity 
of the entire box se'ction of the memiber as close as possible to the mid- 
j)lane of the* w(‘b-plates. In no case will more than one cover-plate bo 
allow(*d, and this is to be^ made as thin as is proper. It is permissible to 
substitute roll(‘d channels for the built ones; but when this is done it is 
often advisable* to rivc't a thick narrow platen to the under side of each 
channel, in ord(*r to facilitate thci packing and detailing of w(*b-members 
by keeping the* centre line of stress as nearly as may be coincident with the 
inid-de])th of the piece. 

Main v(*r(ical posts shall, generally, be comjwsed of two laced chan- 
nels, preferably rolU'd ones, although built ones must be used where large 
s(*ctions an* reciuired. Secondary vertical iH)sts may be built of two 
rolled (4iann(*ls lac(*d, or of four angles in tin* form of an I with either a 
single liiK^ of lacing or a web. These secondary vertical posts should, 
preferably, bi* riveted to the top chord instead of being pin-connected 
lik(^ th(^ main vertical posts. The channels of vertical posts may have 
their flang(*s turned eith(*r inward or outward, as desired, or so as best 
to suit the geiK'ral d(*tailing of the truss. 

Stiff bottom (chords and inclined wTb-struts may be made of either 
two channels with two lines of lacing or four angl(*s with one line of lacing, 
the use of trussed eye-bars for struts being prohibited, as is also the use 
of count(*rs. 

Eye-bars are to be employed for all bottom chords and main diagonals 
that do not require to bo stiffened. 

Pin-plates shall be used at all pin-holes in built members for the double 
purpose of reinforcing for the metal cut aw^ay and of reducing the inten- 
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sity of pressure on ])in and bearing to or below the specified limit. They 
shall be of such size as to distribute properly through the rivets the pres- 
sure carried by such plates to both flange's and web of each segment of 
the member; and they shall e'xtend at least six (6) inches within the ti( 5 - 
plates of said member, so as to provide for not less than two (2) transverse 
rows of rivets there. 

When the pin ('iids of comi)r(‘ssion-members are cut away into jaw- 
plates or forke'd (?nds, for the purpose of pac.king closc'ly the various me'in- 
bers coniu'cte'd by the' pin, these jaw-j)lates or post extensions shall be 
considerc'd as columns, th(' thickness of each of which shall be determined 
by the unit stresses previously specified, viz.: 

p = 10,000 - ^ aud p = 10,000 - 

t t 

for carbon steel and nickel steel respectively; wherc^ p is the* greatest 
allowable intensity of working stress (imi^act Ix'ing consid(»red), / is the 
unsupport('(l length in iiicli(\s, measuring from the centre of the pinholes 
to the centre of tluj first transverse line of rivets b(*yond tin? point at 
which the full section of tlu' nu'mlxT begins, and t is the total thickness 
in inches of one jaw. Tluj h'ligth I is always to be mad(^ as small as i)ra(s 
ticable; and, in cases of unavoidably long extensions, the ])lat('s an* to be 
stiffened by an interior diaphragm compos(‘d of a web with four, or som('- 
times only two, angk'S. The greatc'st allowable^ valuer of I ovct I is tw(*nty 
(20), I Ix'ing th(' greatest unsupported length of the jaw-plate. It is al- 
ways better, when('V(*r practicable*, to avoid cutting away the* ends of 
channels; but, if tiny have to bo triinrmMl, the* (mds must be* n'inforcexl 
so that the* strength of the memlxT will not be* r(*duc(*(l by the* trimming. 

lliveted tension memlx'rs with pin (;onn(?ctions must have' a lU't sec- 
tion back of the^ j)inhole at le*ast ('qiial te) the jie»t section of the member, 
and a net sectiem through the* pinhede* at le*ast forty (40) pe*r e-e'iit gre*ate*r 
than the net se'ctiem of the^ me*rnbe*r; anel th(*re^ must bej sufficient rivejts 
employed to make all the* mate'rial effe*e*tiv(*. 

Pins are to be proportione*el te) re*sist the* gre*atest shearing anel be*neling 
produce'd in them by the? me'mbe'rs wliie*h the'v conne*ct. Ne) pin is to 
have a diamete*r le*ss than eight-t(*nths (/io) <>f the? de'])th e)f the deepest 
bar coupled the*re?on, nor less than five (o) ine?he*s in any case*. 

Lower chords are* te) be packe*el as cle>se*ly as pe)ssible», anel in such a 
manne»r as to pre)elue;e? the least beneling inome*nts e)n the* ])ins; but ad- 
jacent eye-bars in the* same panel must ne?ve?r have le?ss than a onc'-half 
(3^) inch space* be?twe*en them, in ord(*r to fae^ilitate? painting. The vari- 
ous members attachexl te> any pin must be paejked as closely as pract icable^, 
and all inte*rie)r vacant spaces must be fillc?el with steel fillers, where th(*ir 
omissie)n woulel permit of motion of any mi*mber or of the? pin. All bars 
are to lie in planes as nearly as possible parallel to the central truss plane, 
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no (Uvorgenco exceeding one-eighth (j/Q of an inch to the foot being 
permitted. 

Heads of eye-bars are to be made of such dimensions that when the 
bars are tested to destruction they shall break in the body and not in. 
the eyes. 


74. Details of Design for Pin-ConnecteA Highway Spans 

In general, the rules given for the detailing of riv(?t('d and pin-connected 
railway spans and riv(^t(Ml highway spans are to Ixi adhered to in the 
detailing of pin-conn(H;ted highway spans, with tlui following possible 
exceptions; 

Count(Ts, when employed, can of either rounds, squares, or flats. 
These and all oth(T adjustabh* members are to hav(' th('ir ends enlarged 
for the s(;r(‘w-threads, so that the? diameter at tluj bottom of the thread 
shall he oiUM'ighth of an inch gn^atc'r than that of the body of a round 
rod of area etpial to tliat of the atljustable ])i('ce. 

No pin is to hav(' a less diameter than four (4) inches. 

Heads of (‘v e-bars are to be made of such dimc'nsions that, when the 
bars are t(\st('d to d(\struction, they shall bn^ak in th(‘ body and not in 
the eyes; and in tlu* case' of loop-(‘y(‘s, so that lluy shall not fall in the 
welds. Hods with bent (\v('s shall not bc^ us(h1. In loop eyes, the distance 
from the iniUT point of tlu* loo]) to the cemtn' of the pinhoh' must not 
b(' l(\ss than two and one-half (2J4) times the diameter of the pin, and 
the looj) must fit clos(*ly to the pin throughout its semi-circumference. 

75. Details of Design for Railway Trestles and Eleraled Railroads 

IVc'stles and viaducts shall consist of girder s])ans siq^ported on trestle 
bents and at intiTvals on tow(Ts composed of two bents braced together 
longitudinally. lOach bent shall consist of at k'ast two columns, either 
vertical or incliiKnl, brac('d together transversely to th(' structure. 

nu? s(^ctions of main members of trestlc‘s shall gc'iK'rally be as follows: 

(k)lumns — two chaiiu(4s laced with flanges turned (‘ither out or in, two 
rolled or built channels with I-beam web bet wcm'U, four Z-bars with web- 
plate, four Z-bars with a single line of lacing inside' and occasional stay- 
plates outside, or four angles with a single line' of lacing inside'. 

Diagonals in transve'rse anel longituelinal brae'ing anel all be)ttom hori- 
zontal l)rae;ing struts — ^four angle's with a single' line' e)f lacing. 

Horizontal transve'rse bracing struts at top of towe'rs — bracing frames 
of angle's. 

Lemgituelinal struts eit top of towers — plate'-girele'rs. 

Longituelinal girders — ])latevgireler spans, e)r occasionally, for very long 
spans, ri\Tte'el trusses. 

The ele^tailing for longitudinal girelers of trestle's and e'le'vate'd railroads 
and the bracing between the same shall comply with the specifications 
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governing the designing of plat(5-girdcr spans and the floor systems of 
riveted spans. In general, the transverse and longitudinal bracing pi 
trestle towers shall consist of n double-cancellation system of stiff diag- 
onals with horizontal struts. The latter at pedestals must be strong 
enough to move tlu' column feet upon their sliding bearings when the 
struts are expaiuk'd or contracted by changes of tem]^eratur('. Provision 
must be made for holding some feet rigidly, and for sliding some in one 
horizontal direction only and others in any horizontal din'ction, at the 
same time' holding them all down so that they shall not be lifted percep- 
tibly l.\y the wind pressure'. Sliding-plates are nearly always prefe^rable 
to rolle'rs for pede'stals of tre'stle's. They shall be^ planc'd e'xtre'iiie'ly smooth, 
and so as to be'ar properly at all i)arts. Oceasiemally, in se)litary bents, 
it is permissible to use hingeel ends for colmnns at ])e*ele4als; but it is 
generally be'tter to make the'in fixc'd, anel to figure the? columns for the 
gre'atest beniding protluerod in them by transverse' loads anel extreme 
changes of temperature. 

The batter of the columns should, gene'rally, be' iu)t le'ss than one and 
a half {114) inche's to the fe)ot and ne)t more than thre'c (8) inclie's to the 
foot. When practicable within these? limits, the? tre'stle? bent sheiulel have 
such a batter e)r si)reael of base as is necessary te) me'e't the condition of 
no tensie)n on the winelwarel leg — othe'rwise the* te'iision must be properly 
proviele'el for. 

The tops of trestle columns are to be maele* ve'rtical by be'nding them 
beneath the longitudinal girders whe're the* latteT are* rive'te'el to them; 
and the uppe*r transverse struts must be maele* as dee*]) as tlie; lemgitudinal 
girders, anel must be rivete*el effeejtive*ly to the? columns. ( \)riu?r brackets of 
double webs arc to be* use'el for enmue'cting the e*olumns to the he)riz(mtal 
struts and bracing diagonals, aiul at the* siime* time* te) strengthe*n the 
column at the bend. Additional stre*ngthe»ning is te) be given by using 
a solid web or eliaphragm in the* column, exte'iiding fremi the top the'reof 
to a point about two {2) feet below the benel. All splie;e*s in ce)lumns are 
to be full, butt splieie's, le)cate'el pre?ferably about twe) (2) fe'e*t above the? 
points where the sway eliagemals eje)nne*ct, shingle*-s])l icing l)e*ing avoiele*el 
because e)f the? trouble it give's during ere*e*tiem. The* sj)lie!e'-])late*s shall 
be figure 3 el to elevciop sixty (00) pe*r ce*nt e)f the? se(?tion of the (?e)himn; 
but care must be taken that the maximum be*nding slre*sses are fully 
provideel for. 

Whenever practiejable, the span le?ngths for tre*stles are to be those 
which make the total cost of structure a minimum, the te)wer length vary- 
ing from twenty (20) fce*t for low trestles to fe)rty (10) fe*e*t or eve'ii more 
for very high ones, and the intermeeliate spans varying fre>m thirty (30) 
to about eighty (80) fee?t. Any length of girele*r e'xceenling eighty (80) 
feet might necessitate either the employm(?nt of a travelh'r that would be 
too long, heavy, and expensive, or tin? use? of bents of falsework between 
the towers. 
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For elevated railroads the sections of main members shall be as 
follows: 

Longitudinal girders — ^preferably plate-girders, or, if necessary, open- 
webbed, riveted girders. 

Cross-girders — ^plate-girders. 

Columns for structure's without longitudinal or tow(T bracing — two 
rolled or built channels with an I-lK'am rive^ted between. 

("olumiis for structures with longitudinal or towcT bracing — ^four Z- 
bars with a web-plate. 

All columns for elevatcHl railroads are to have both ends fixenl, being 
hc'ld rigidly at th.e top by either the longitudinal girders or by deep struts 
that carry the* thrust of braked trains from the track to thc^ columns, and 
their sectional areas are to be figured accordingly for both direct load 
and bending. 

Longitudinal girdcTS in elevated railroads shall, generallj^ be riveted 
into the (?ross-gir(l(Ts and not n^st thereon, exc('pt uikUt (UTtain condi- 
tions for the sake of cl(*aranc(^ beneath, in which case the top flanges of 
the; half-through girders must be staycnl at the ends and at intermediate 
j)oints, as siK^cificnl for plate-girder spans. On all curv(‘s in elevated rail- 
roads, spcHiial lateral bracing of anglers, rivt'tcMl at iut(TS('(*tions to the 
longitudinal girders and carried over and rivet (‘d to the columns, must 
be employc'd. Sludf angles for facilitating erection are to be provided 
on coluinns for th(‘ t('mporary support of the girders and in any other 
plac(*s when) tlu'ir use* would expedite the work. 

In g(*neral, tlu* limiting length of stru(*ture betw('('n ('xpansion points 
shall be al)out one hundred and fifty (loO) fc'et. If this length be ex- 
ceeded materially, the columns may have to be strengtlumed to rc'sist 
the bending caustnl by change's in te'inperatun'. 

All expansion-i)Ockets are to be so detaih'd as to throw the load from 
the longitudinal girder as close as possible to the web of the cross-girder; 
and sufficient rivets are to be used in connecting the pocket to the cross- 
gird('r or column to i)rovide for both the direct shear and the bending 
moiTK'iit from tin* ('cc('ntric load; and the cross-girdi'r or column is to 
be thoroughly riveted to the* adjoining longitudinal girder so as to care 
propcTly for the Ix'iiding or to avoid torsion. 

All anchor bolts at column feet are to extc'iid w(*ll u]i above the base- 
plate, passing bc'tween two angles that an' riveted to the column, and 
which support a heavy waslu'r-])late or angle to rc'cc'ivc' the anchor-bolt 
nut. All column f('et are to be raised so far abov(' the ground that no 
dirt, snow, nor moistun* can colh'(*t around them and remain there. The 
boxed spaces at column f('('t are to lx* filled with Portland cement con- 
crete made with small brokt'ii stone. 

The l)as('s of pedc'stals are always to be made large enough to jirevent 
all possibility of sc'ttU'inent of foundations. In figuring the pressure on 
the base of the pedestals it is not sufficient to recognize only the direct 
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live anil dead loads, but it is necessary also to compute the additional 
unequal intensities of loading by both longitudinal and transverse thrusts. 

76. Details of Dcsigji for Highway Viaducts 

The specifications for the ‘‘Details of Design for Kaihva}'' Trestles and 
Elevated Railroads” and lliose for the “Di'tails of Design for Highway, 
Plate-(iirder Spans” are in gi'iieral to be followed as far as they will ai)i)ly 
in the designing of highway viaducts, the principal variation bi'ing that, 
for cheap structures, adjustable rods with cli'vises may be sul)stituted for 
the stiff diagonals in the four faces of tin* braci'd towers. The struts must 
be riveted to the columns by means of wide plates to which the cliwises 
attach, and must never bi‘ pin-coimected. 

The di'tailing for the longitudinal girdiTS of viaducts and the l^racing 
between the same shall comply with the specifications for detailing highway, 
plate- or open-webbi'd rivi'ted-girdi'r spans; and th«* spinaficatioiis for 
wooden floor system, paving, hand-rails, (‘tc., shall be the same for high- 
way viaducts as for highway' bridg(‘s. 

77. Swing Spans 

The following types of structure are to be usi'd for railway swing spans: 

For spans up to two hundred (200) feet in h'ligth — j)lat(‘-gird(T bridgi^s, 
acting as continuous girdiTs ovit the pivot piiT. 

For spans bi'tween two hundred (200) feet and four hundri^d (100) feet 
— ^riveted truss bridge's. 

For spans ('xceeding four liundri'd (400) fi‘('t — I'ithiT rivi'ted or pin- 
connected bridgi's. 

For spans up to al)out thri'e liundred (300) f(»(4 it is )>est to maki^ the 
top chords horizontal throughout, and beyond tliat li'iigth (‘ither to make 
them polygonal or to provide' a te>weT at mid-sj)an. 

It is understood that the'se limiting lengths arii jiot fixe'd al)KoluteIy, 
as the Ix'st limits will var}" se)mewhat with the numbe*r of trai'ks and the 
weight of trains. 

For highway swing spans the folle)wing types e»f strue;ture» are to be 
employed: 

For spans up to one hunelred anel fifty (150) feM4 in lemgth — ^jilati'- 
girder spans, acting as continuous girde*rs e)vr*r the' y)ivot-pie'r. 

For spans betwe'em one hundrejel anel fifty (150) anel three hunelreel 
(300) feet, riveted trussejs arej to be used. 

Fejr spans of over three hunelred (300) fe'i't, either rive'tc'el e)r pin- 
connectcid trusses with subdividewl pani'Is may bo adoptenl. 

It is understood that theses limiting le*ngths are not fixeel absolutely, 
as the be'st limits will vary somewhat with the width of bridge and the 
live load to Ix^ carried. 

Swing spaas may be either rim-bearing or centre-bearing. 
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The height of the towers should generally be between one-sixth (J^) 
and one-seventh (Jy) of the total length of span, measuring from eerntre 
to centre of end-pins; although in certain cases it may, for the sake; of 
appearance, be made a little grciater. The truss depth at the inner hips 
should be from one-ninth (/^) to one-tenth (J(o) of the total length of 
span. The truss depth at outer hips for spans up to four hundred (400) 
f('('t will g('nerally be determined by the clearanc(^ n'quired. For longer 
spans it should be betwe^in one-fourte^enth Cm) and one-fift('enth (^{ 5 ) 
of the? total span-length, "riie least allowable periamdicular distance bo 
twc*(»n c('iitral planes of trusses shall be one-twenty-fifth C/25) of the total 
h'ligth of span. 

Th(‘ h'ligth of the? (^('ntre panel in rim-bearing draws will, in most cases, 
be made? cHpial te) the* perpe'ndicular elistance be?tw(‘e‘n central planes of 
trusse's. In spans having horizontal te)p chorels, all panels of the? latter 
must be' e*e)inpose‘el of stiff me*mbers, e'xce'pt the two central panels in pin- 
e*onneM*t(‘d trusse's. llroke'ii top chorels must be maele? of stiff members 
from ends to iniu'r hips, l)ut the portion l)e'twe'e'n the inner hips ina}' be? 
of e\ve'-l)ars. Incline*d pe)sts e'xte?neling from the' iniu'r hips to the drum 
are' to be' use*el in all cases whe're the te)p chorels are' ])roke^n anel whc're 
the structure' is rim-be*aring. 

The' lemds to be' e*e)nside're'el in ele'signing swing spans are the following: 

A. Live Load. 

B. Tmpae't Due' to Live Le>ael. 

(\ De»ad Iie)ad. 

D. lin])act Due te) De'ael Load. 

E. Uplift at Knds. 

F. Dire'e’t Winel Loael. 

(/. Indire*e*t Wind Loael e)r Transferreel Le)ael. 

//. Unl)alane*e'd Wind Lejad e)ii One Arm only. 

/. N'ibratie)!! Lejael. 

The' live loael fe)r trusse's with only one arm loaele'el is to be taken frem 
the' live'-load curve's fe)r a s])an e'eiual to the elistance be'twe'e'ii the centre 
e)f the' e'liel-pin and the' ce'iitre e)f the ne'arer tower pe^st; but for both 
arms loaelc'el the' live loael is to be taken for a s])an equal to the elistance 
be'twe'e'ii e*e'ntre's e)f e»nel-pins. For only one arm loaeled, the half-span is 
te) be? e'e)nsiete're'el te) ae*t as a simple s]ian on twe) supports; anel feir both 
arms loaele'el, the e'litire? s])an is te) be' ceinsielere'el e'e)ntinuous ove'r four 
sup])e)rts fe)r a rim-be'aring elraw anel over thre'c su])])e)rts for a centre- 
bearing elraw. The strc'sse's elue to the live loael, with both arms wholly 
or partially loaeleel, are to be elete'rmine'el by the balanced-leiael method. 
For convenience in ele'terinining the reactions at e'nels and at cemtre sup- 
])e)rts the curve's shown in Fig. 29a can be' use'el for rim-bearing spans anel 
those in Fig. 29/) feir ce'iitre'-be'aring spans. The' fe)rmer give's, for balance'el 
loads, the proportion of the load in one arm that is supported at its outer 
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end; wliile the latter gives the reactions on the three supports for a load 
of unity placed anywhere in either arm. 

In spans of over three hundred (300) feet, the dead load per truss 
is to be increased properly from the ends toward the centre of span in 
order to cover the weight of the heavj' truss-members, which increase 
in size towjird the centre of the span. The dead loads from tower, drum, 
and turntabl(5 are not to be considered as affecting the stresses in thc5 
trusses. 

The impact du(‘ to d('ad load is to be taken as twenty-five (25) per 
cent of the said dead load. 

The wintl loads per lineal foot of span for both the loaded and the 
unloaded chords when the draw is closed are to be the same as those 
specified for fixed spans, and only one-half as great when the draw is 
open, the h'ngth of span used, however, being that of oiu^ arm of th(^ draw. 
They are to b(i takcui from the curves in Figs. 1)5 and l)d. Whim the 
span is open, all tlu* wind load is to be carri('d to th(^ drum through the 
lateral systems. When tlu' draw is closed, the wind load is to be carried 
to both the ends and the centn^ supports. In case' a lat(Tal system and 
the adjacent chords be considered to act as a continuous girder over the 
centre supports, the reactions at the ends and at thc' c(»ntre can be tak(m 
from the curves in Figs. 2ya and 296. 

In the case of trusses with broken top chords, the wind load on the upptT 
chords is to be assum(»d to travel through th(‘ upper latc'ral systc'in to the 
inner hips when the span is open, tln'ii down the inner inclined posts to the 
drum, thus producing a transfiTnnl load on tlu? leeward inclined post and 
a released load on the windward one. As the upper lateral system is not 
to be made continuous b(*tw(‘(‘n the inncT hips, none of the wind load 
on the upp(T lat(?ral systcun will be earri('d down the tower-posts, excerpt- 
ing only that which comes on the' centres panc'l and the two adjacent panels. 
In order to ensun? such a distribution of the wind load, diagonals must 
not be put in those panels of tin* upi)er latcTal systc^m which an? adjacicuit 
to the inner hips and between these and the tower. The strcjssc's in the 
chords between the hips from both the direct and the transferred wind 
load shall be dulj'^ figured. 

In the case of trusses with parallel chords, the wind load on thc upp('r 
chords is to be assumed to travc;l through th(j ui)per lateral system to 
the tower posts when the span is ojM^n, then <lown the tow(?r posts to the 
drum, thus producing a transferred load on the leciward tower post and 
a released load on the windward one. 

When the draw is closed, for truss(?s with c?ithcr broken top chjrds 
or parallel chords, one-half of the wind load on the upper lateral system 
of one arm is to b(j assumed to travel dowm thc outer inclined posts, 
and one-half dov/n the inner inclined j)osts or thc tower posts, as 
the case may lx; — the proper transferr(;d and released loads being 
figured in all cases. A vertical unbalanced wind load of ten (10) or 
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fifteen (15) pounds per square foot shall be assumed as acting upward 
on the entire bottom ar(;a of one arm only when the span is swinging, 
the exact amount depending on the relative exjwsure of the structure 
to high wind pressures; and the span must be so anchored as to care 
properly for this load. 

The vibration load, which applies to railway spans only, is to be as 
specified in clause 44. 

In ascertaining tlui strcisses in the trusse^s of swing-bridg(;s the follow- 
ing conditions an^ to be considered; 

Ca^e No. 1. (Ireateist stresses, dead load only acting, bridge open. 

Case No. 2. Greatest stresses, dead-load impact only acting, bridge 
open. 

Case No. 3. Greatest stresses from assumed uplift at end of span. 

Case No. 4. Gn^atest stresses from live load on one arm only; each 
arm being considered to act as a simpler span on two supports, the usual 
allowance for impact Ix'ing made. 

Case No. 5. Grc'alest sirc'sses from live load on both arms, the live 
load advancing from l)oth ends toward the centre until the span is fully 
loaded; the? latter being considere'd to act as a continuous girder over four 
supports for a rim-bi‘uring span and over three supports for a centre- 
bearing span. 

Case No. G. Greate'st dircHit stresses, on the chords that carry the 
live load, from wind load wh(‘n the bridges is op('n. 

Case iVo. 7. Gn'atest direct stresses, on the chords that carry the live 
load, from wind load when the bridge is closed and wholly or partially loaded. 

Case No. 8. Gr(*at(vst indirect wind-load stresses or transf(‘rred-load 
stresses on tin? lower chords when the bridge is closed and wholly or 
partially loaded. 

The first combination of these stresses includes Cases No. 1 and No. 2; 
and it gives the greatest stresses for all truss members from dead load and 
di»ad-load impact, when the span is swinging. The second combination 
incrludes Cases No. 1, No. 3, No.4, and No.5, and gives tlu? greatest stresses 
for combiiKHl live' and dead loads. It is to be noted that, as previously 
stat(Kl henrin, wherever the load for C^ase No. 3 increase's the total stress 
on any member, its c'lTc'ct is to be considered; but wherevcT the said load 
decrease's thc^ total stre'ss on any membe'r, its e'ffcct is to be ignored. The 
n'gular specifienl intensitic's of unit stre'sses are^ to be' usexl fe)r both the 
first and se^cond combinations. 

The third cewnbination of the^se stre'sses inerlueles (’’ase's No. 1, No. 2 
anel No. 6, and gives the maximum stre'sses, ine'luding wind, when the 
span is open. The fourth combination inclueh's Case's No. 1, No. 3, No. 4, 
No. 5, No. 7 and No. 8, anel gives the maximum stresses, including wind, 
when the span is closed. For the thirei and fourth combinatiems, the 
metal may be stressed thirty (30) per cc'iit higher than for the first and 
seicond combinations. It should be noticed, however, that the only truss 
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members affected by ihc^ wind loads are the iiKjliiied posts at the ends 
and over the drum, and the chords which carry the live load. 

For the lateral systc'ins the following conditions are to Ix' considered: 

For upper lateral sj^stems of through-bridges and lower lateral systems 
of deck-bridges. 

Case \o. 1. (Irealest wind-load stress(\s when s])an is swinging. 

Case Xo. 2. (Ireatc'st wind-load stresses when span is clos(‘d and ends 
are raisc'd, thus making th(' uppcT lateral systc'in of each arm with tlu^ 
top chord a simi)le sj)an, and making the entire' lowe'r Integral system with 
the bottom chords a continuous girder over four ])oints of sui)i)()rt for 
a rim-b('aring sjxin, and over three points of supi)ort for a centre-bt'aring 
span. This case' does ne)t involve the' presene'e of any live' loael em the spans. 

Case Xo. 3. Greatest vibration load stresses unele'r conditions like 
those in Case No. 2. 

For lower lateral systc'ms of through-bridges anel uppc'r late'ral sys- 
tems of eleck-brielge's. 

Case Xo. 4. Greatest wind-le)ael stresse's wlu'n span is swinging. 

Case Xo. 5. Gre'atest winel-loael stre'sse*s wlie'ii s])an is cle)se'el anel e'nels 
are raise'el, and with live le)ad on e)ne' arm e)nly, thus making the? le)aele'el 
chords with their lateral sj'ste'in a simple span with sii])]X)rte‘d e'liels. 

Case Xo. 6. ( Ire'ate^st wind-loael stre'sse's wIk'Ii s])an is close'd and e'nels 

are raise'el, anel with the live le)ael on be)th arms cove'ring same' c'itluT wholly 
or partially, thus making the' loaeleel e’hords with the'ir late'ral syste'm a 
continuous gireleT with fenir (4) peunts of supi)ort in the e*ase's e)f a rim- 
be?aring span anel with three (3) points of support in the case e)f a eie'iitre'- 
bearing span. 

Case Xo. 7. Greate'st vibration load stre'sse's unele'r conelitions like 
those in erase* No. 5. 

Case Xo. 8. Greate*st vibration loael stre'sse's uneleT ce)nelitie)ns lilie 
th(3se in (.'ase No. 0. 

The gre*ate'st stress on any late'ral me'ml)eT fe)unel by these e'iglit cemeli- 
tions of w’inel-le)aeling is te) be use*d in prejportioning its se*e*tion, anel the're? 
is to be assume'el no elivisiem e)f the winel leiael betwe»e*n slrue*ture' anel train, 
although the failure to make the said elivision will cause small e'rrors on 
the side of safe*ty. 

78. Special Details of Design for Plate-Girder Swing-Spam 

Platc-gireler swing-brielges are* to be maele as ce)ntinue)us be'ams over 
three or four points of support — preferably ove'r threre. The;y may be 
either rim-bearing or ce;ntre*-be;aring. The same* erombinations of stre*sse\s 
are to be useel as specifieid for truss draw-spans, but it will generally be 
found that the wind lejaels elo not afferct the pre)f)e>rtioning of the girelers. 
In gemeral, the specifications for the de?tailing e)f fixe?el platevgireler spans 
are to govern the designing of plate-girder elraw-spans, except as herein- 
after stated. 
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In deck, plate-girder draw-spans the girders are to be spaced the same 
distance apart as specified for fixed plate-girder spans of one-half the 
length. For half-through, plate-girder draw-spans the girders may be 
spaccHl as closely as the previously specified clearance requirements will 
permit. For dcck-si)ans four points of sui)i)ort on the drum will suffice, 
but for half-through si)ans eight points will be required. The diameter 
of the drum is to be made as small as practi(;able, but ikwct less than 
eight (8) fec't; and the distribution of the load ov(T the drum is to be 
uniform. All girders are to b(; thoroughly stiffened at all points of bear- 
ing over the drum, and bearing-plates not less than oni; (1) inch in thick- 
ness an^ to be used between the drum and all girders bearing thereon. 

Wli(*n the length of s])an over all c'xceeds om^ hundred (100) feet, 
it will b(^ necessary to sy)li(H‘ the main girders in the field. These splices 
must b(i thorouglily mad(‘, shingle or staggc'red splices only being allowed; 
and theni must i)e ten (10) jxt cent excess of strength in the dc'tails at 
all ])oinls thus s])lic(*d, as i)reviously specified for fixed plate-girder spans. 

Itigid bracing-fram(\s are to Ikj used betw(?(‘n main girders of d('ck- 
spans at the points where the main girders bear on the? drum; and heavy, 
rigid, platci cross-girders nesting on the drum arc to be used for half- 
through si)aiis. 

70. Special Detaila of Design for Trusses of Siring Spans 

Tlie d(*tails of trussc's for swing-spans shall comply in general with the 
spcH'ifications giv(Mi for trussc's of fixed spans. In pin-connected trusses 
having broken top chords, that portion of the said chords between outer 
and inncT hips is to In* inad(^ of rigid members, and that portion betweem 
the inner liips and ov(*r th(‘ tower is to be made of eye-bars. In i)in- 
conn(*ct(Ml trusses Avith paralh*! chords, rigid numbers will be required 
throughout th(' top chord, except for the centre i)anel, in Avhich eye-bars 
may be us(*d. In riveted trusses stiff top chords from ('iid to end of span 
ar(‘ to be adopted. Amph* ])rovisiou for adjustiiK'iit of eh* vat ions of ends 
of span shall be made by m(*ans of slumming plati*s of various thicknesses 
at each (*nd-b('aring. 

Rigid poHal-bra(ring attached to both the upper and the* lower flanges 
must b(* us(*d l)(*tw(*(*u the two inclineil i)osts at both the inner and the 
outer hips, ''fhese portals are to be carried down as low as the specified 
clearance ovc'r tracks will pc'rmit. 

The tow(*r must b(* rigidly braced in all four fac('s. In the transverse 
planes all the diagonals and horizontal struts must, generally, be made 
of stiff members of box or I-seedion, so as to take hold of the exterior of 
Urn posts; and this sway-bracing must be carri(*d down as low as the 
specified clearance will iM*rmit, in order to hold the tower posts firmly to 
place and line*. In the* plan(*s of the trusses the* diagonals are to bi* made 
of stiff members having ample section to jmvide for any possible unequal 
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vortical wind-pressure when the span is open; and the horizontal struts 
are to be of box or I-s(H?tion. A pair of rigid struts must be used in the 
horizontal plane of each vertical panel of tower bracing, so as to ensure 
the pc'nnaiK'iit r(»etangularity of the section of the tower. 

The upper latcTal system betwecm the inner and the outer hips and in 
the tower paiK'l is to be made of rigid diagonals, capable of taking both 
tension and compression, and transverse struts of I-scctiori that are se- 
curely riveted to both the upper and the lower flange's of the top chords. 

The transverse sway-bracing between tnisscs is to be made emtirely 
of rigid members, and is to b(^ carried down as low as clearance require- 
ments will permit. In long s])ans the lower horizontal struts of the ver- 
tical sway-bracing must take hold of the vertical posts at the flanges of 
same so as to hold the said posts firmly in position. 

80. Camber and Deflection of Swing Spans 

Th(' lengths of all truss iiK'inbers shall b(' su(‘h that when the assum(id 
uplift is appli('d by the w('dg('s at the ends of tlu' sjmn, and wlu'ii tlu^ 
greatest live load is on the structure, ilw centre liiu's of the bottom chords 
from end to end of si)an will lie in a horizontal plane. The vertical move- 
ment of the ('nds from the condition of no strc'ss in the chords, whim the 
weight of the finished span is supportc'd on the falsework, to the condition 
of the span swung, must b(' very carefully figun'd, as upon this will depend 
the camber increiiujiits or decjn'nu'iits in h'ligths of members, the clear- 
ances, the adjustments, etc. Due allowance shall be made for the to]) 
chord’s having a temperature 30 degrees F. greater than the bottom chord. 

81. Details of Drum and Loading Girders for Rim-Bearing Swing Spans 

The drum must be strong and d('e]) I'nough to distribute the total 
load from the span prop('rly ovcjr the rollers. In general, it should be 
made, within reasonable limits, as det'p as possible, and not less than 
one-half of the greatest distance between adjacent points of loading; for 
the cost due to the extra depth will be more than ofTsc't by tluj saving 
in height of pivot-pi('r. TIk; b(*nding moment on the drum is to be com- 
puted by the compromise formula, 

M = y^Wl; 

where M = bending momcmt in foot-pounds, W = greatest load in pounds 
on one point of bearing on drum, and I = distance? in f(;et between points 
of bewaring. The drum is to be designed according to the specifications 
for ordinary plat(i-girders. The wel) thereof shall have stiffeners on both 
sides at all points of concentration. These stiffenc'rs must have pcirfcct 
contact with the top and bottom flanges. TIki s(?etion required for these 
stiffeners is to be determined by considering the entire concentration on 
one point of bearing to be carried by the said stiffeners, which act as a 



GENERAL SPECIFICATIONS FOR DESIGNING 


1693 


column; fixed at both ends, with an unsupported length equal to the 
depth of drum. The bearing area of the outstanding legs must also be 
adequate for the load carried. Stiffeners, each consisting of two angles, 
placed on opposite sides of the web, must be used at intermediate 
points at distances not exceeding either the depth of web, or three (3) 
feet six (6) inches. Fillers arc to b(; usc'd beneath all stiffeners. 

Brackets to support the pinions gearing into the rack arc to be pro- 
vided on the drum and are to be securely riveted thereto. They shall 
be built of rolled-steel sections, and made amply strong in all directions 
and in ev(^ry particular so as to resist the greatest thrust, wrenching, or 
torsion that can possibly conics from the shaft. In no case are such brackets 
to be made of castings. The us(5 of turned bolts for attaching the brackets 
to the drum will not be permitted where it is possible to drive rivets, as 
such bolts do not afford sufficient rigidity to prevent the connections from 
working loose sooner or later. 

Th(^ spliiK's in the w(ib and flangc^s of drum must be such as to develop 
the full stnmgth of same; and the abutting ends of web and flanges must 
be planed smooth so as to hav(5 continuous contact. The drum must be 
made perf(»ctly round, so that tlu^ centre line of W(d) at any height will 
conform to th<^ circumf(T(‘nce of a circle; and to pn^stTve this form and 
brace the drum thoroughly, rigid radial stmts are to be run from the 
centre casting to the drum, taking hold of th(^ latter at each point of con- 
centrated loading and at intermediate points when tlui bearings are spac^cd 
mon^ than (uglit (8) f(M't Ix'tween centres. These radial stmts must be 
made of four angles with solid wc'bs or angle-lacing. At th(5 centre they 
an? to be riv(*t(Hl to circular platc's fitting closely around the centre cast- 
ing, thus anchoring t.h<» drum firmly to tla* latter. Oil-grooves must be 
provided where theses plati*s b(‘ar on the cc'iitre (lasting. 

The drum must be assembled and the bottom must then be planed 
smooth so as to provide an even bearing for the upper track. If it is 
not practical to planer the (mtire drum at once, then each sc'gmcmt thereof 
is to be i)lan('d s('y)arately; but in this case the greatest care is to be 
tak(Mi to make? tla? assi'iiibh'd parts form a perfect whole. The least 
thickiK^ss of m(?tal to lx* us(*d for bottom flanges of drum shall be three- 
(luarters of an inch for railway spans and fivcM?ighths (^) of an 
inch for highway spans, so as to provide ampler metal for planing off the 
bottom; and that for the web and top flange's, one-half inch for 
railway spans and three-eighths (5 y) in(;h for highway spans. 

Spans resting on drums of small diameter in proportion to the span 
kmgth arc to Ix' anclionxl to the pivot-pier by means of a large anchor- 
rod in centre of i)i(T, extending down t('n (10) or fifteen (15) feet into 
same. This rod shall pass through the centre casting and through a 
box-girder ov(t the cc'iitre of the drum, which girder shall rivet into either 
the transverse or the longitudinal girders. The lower end of the rod 
shall pass through a heavy cast-iron anchor-piece embedded in the con- 
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croto of the picT. Both ends of the rod sliall be provided with nuts for 
adjustment, and all details shall be made strong enough to develop the 
full strength of tlu? anchor-rod. The upper nut shall be almost, but not 
quite, in (contact with a large washer-plate that rests on the box-girder. 
The anchor-rod shall be proportioned to resist the effects of the assumed 
wind loads. 

Th(' girders over tlu* drum shall be so arranged as to distribute the 
load over it ])ro]K'rly. The number of bearing points required will de- 
pend upon th(‘ h'ngth of span, th(‘ distamn' from (icmtre to cc'ntre of trusses, 
the total load to be carried, and the c‘eonoini(!al siz(5 of pivot-])ier. The 
arrangement of the supporting girders in turn depends upon the number 
of bearing points to be used. For ordinary, single-track-railway bridges 
up to tlinH' hundred (300) feet in hnigth a very good arrangement of 
girders ov('r drum is secured In' making tlu' diame'ter of the drum and 
the length of c(‘ntr(' ])an('l e(|ual to the distance from centre to centre of 
trusses; then the middle' j)oints of both the longituelinal and the trans- 
verse girders will be dire'ctly oveT the we'h of the drum, thus furnishing 
four points of bewaring. Four more pennts are' se'e*ure'el by putting in she)rt 
diagonal girde'rs, which connect to both the^ transve'rse and the* lemgitu- 
dinal girde'rs and be'ar on the drum at their e*e'ntre's. This arrangement 
give's in all eight (8) points of support. The le)ngituelinal, transverse, and 
diagonal girde'rs over the drum shall be so ele'signe'el that their rigidities 
w'ill be sue'h that when ele'lle'e'te'el unele'r the' loael the' e'xtre'me fibre-stre'ss 
will be abenit the' same in all the said girele'rs. 

The be)tt()m-chord stre'ssc's in the ce'iitre' j)anel e*an be e'arrie'd b}' the 
longitudinal girele*rs, or the* l)ottom-chord se'ctions e*an be' continued through 
the centre pane'l, the' longitudinal girelers be'ing placed above the'in, and 
steel chairs be'ing inse'rteel beneath their ee'ntre's to furnish be'arings on 
the drum. In case? the bottom-chorel stre?sse's are carrie*d by the longi- 
tudinal girele'rs, ample provision must be' made' fe^r them, as we*ll as for 
the bending stresse's, in ele'signing the sections fe)r the'se girders. Whe're? 
the cle'arance' over the waterway will y)e?rmit, metal can be? saved by let- 
ting the* top flange? of the longitudinal gireler form the Iwttom chord of 
the truss. 

In singl(?-track spans of thre?e hundreel (300) feet or ovc'r, and in de)uble- 
track spans of two hundred (2(K)) feet or over, cast-ste'e?l ball-anel-socket 
bearing-blocks are to be used b(?tween the top flange of the drum and the 
bottom flange?s of the girders, in order to make definite? the points of con- 
centration, anel so as to transmit the loael properly from girders to drum. 
For smaller spans, bearing-plates, at least one (1) inch thie?k for railway 
structures and threej-quarters {%) of an inch thick for highway structures, 
may be substituted for the ball-and-socket blocks. 

All girders bearing on the drum are to have stiffeners on both sides 
of their w(?bs at all points of concentration; and in no case are the; stif- 
feners to be crimped, but are to have fillers beneath. They must have 
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close bciiriiigs at top and bottom flang(!s; and they arc? to be proi)ortioncd 
in the same manner as previously specified for those on the; drum. 

82. Supporting Girders for Centred-Bearing Swing Spans 

In centre-bearing draws the dead load shall generally be carried by 
a systc'm of girders supportc'd on top of the; (!(?ntr(? casting. Four roll(?d 
or built-up beams running transversely to the; axis of the bridge shall 
be support(?d directly on and securely boltcid to the? upper part of the 
centre? casting. Suspemdeel from these l)eams shall be? two pairs of beams, 
one on e^ach side of the' ce'ntre cjisting, parallel to the axis of the? bridge and 
riveted to two cross-girele'rs, one on cither siele? of the centre? casting placed 
as close te)gether as practie;able. All beams shall be designeel particularly 
for rigidity so that the ame)unt of ele'fle'ction in them vnW be inappreciable. 
The? suspenders shall generally consist of four (4) roels with nuts at ('ach 
enel. In small spans whe*n thc're is sufficient clearance', the cross-gird(?rs 
may ])e? support e'd elire'ctly eni the centre' ensting, or tlie' supporting beams 
may l)e' run longitudinally and rive'ted dire'e;tly to the cross-girdeTS. But, 
as a rule', the' suspendeel system is preferable? on ae*count of the pe>ssibility 
of ad.iustme?nt. 

The live' le)ad sliall be' carrie'el em we'dgc's at the' ce'ntre of the span anel 
shall be transfe'rred to the? said weelge's by longitudiiuil bc'ams riveted to 
the cross-girde'rs. 

The? span shall be* supi)e)rted eluring rotation by six e)r e'ight trailing 
whc'e'ls in be'arings atteiched to the' trusses at the' side's and to spe'e'ial struc- 
tural frame's at inte'rme'eliate points. All parts must be de'signe'el for the 
wind loads on them due? to the tenele?ne?y of the span to overturn about 
its centre'. 

Tli(' to]) of the ])ivot-pier is te) be leve'lle'd off with neat Port land- 
cement mortar, and the' le)we.'r trae?k is to be set in same. It shall be' made 
one and e)ne'-half (U 2 ) two (2) ine*he's highe'r in the centre than at 
the' edge', se) that the water will drain toward the latte'r. A small gutter 
or ele])ression in the top e)f the' ])ier is te) be' made just insiele' of the lowc'r 
trae?k, and at the bottom of this elepre‘ssie)n elrain-hole's are' to be' ])ut in, 
leaeling the wate'r freim the' gutter down e)n the outside of the pic'r. The?se 
drain-he)le's are te) be' at least three (3) inches in ditemc'ter, and the tops 
are? to be? pre)tee?te?el with scre'e'ns, so as to i)re've'nt choking. They are 
to be spaceel not to e'xceed ten (10) feet be*twe'en ce'iitre's. 

S3. Lift Spans 

In general, the preceding specifications for fixeel and swing spans shall 
govern the? ele?sign of lift spans. The follomng special points shall, how- 
ever, be considered. 

The operating machinery and the machine?ry-house shall be placenl 
at the centre of the span. In truss spans the house shall be locate'd 
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above the top chords, or bctwc'cn the trusses below the top chords if the 
truss depth is sufficient to i^ormit this construction. In deck-girder spans 
the machinery shall generally be placed between the girders below the 
deck. In half-through jilate-girder spans, the machinery shall be placed 
either below the deck or outside of the girders. The machinery and 
house shall be supported on steel beams and girders framed into tlie 
trusses or main girders. 

The suspending cables shall be connected eithcT to the trusses or gir- 
ders direct, or to lifting girders between the trusses or ginh'rs. In truss 
spans the lifting girders shall be fraiiKni into llu^ trusses bctw(‘en the 
Uo points, and shall generally consist of two leav(?s spacetl so as to give 
proper conm^ctions for the roj)es. In deck, ])late-gird('r spans the lifting 
girders shall be framed betwetm the main girders at the ends, and shall 
extend bej’^ond the said girders on each side for the r()])e attachments. 

Each tower for a short plate-girder span with a low lift shall consist 
of two single columns with transverse sway bracing, there bcMiig longi- 
tudinal overhead bracing between the two tow(Ts. For higher lifts an<l 
longer spans the overhead bracing shall lx* oiniltcxl, and th(‘ main towcT 
columns shall b(‘ brac(‘d by back-legs attacluxl to th(‘ adjaci'iit spans oi 
to masonry. These back-legs shall be* sway-brac(xl traiisverscJy and 
braced to the main columns longitudinally. 

At the top of the tower the main tow(T columns shall be eonnect(Ml 
by the sheave-gin 1 <t. This girder shall coiLsist of (‘ither oiu' or two leaves, 
depending on the weight to be lifted and tlu' make-up of tlu^ main column 
section. Where the column is composc'd four angles and a w(‘l)-plate, 
either w'ith or without sid(»-i)lates, a single-h^af girdiT shall gcauTall}' be 
used; and where it consists of rolhxl or built chanm^ls with th(‘, flanges 
turned in and connect(Ml by a diaphragm of four angl(*s and a W(‘b-plal(‘, 
a double-leaf girder shall be adopted. Th(» back-l(»gs shall Ixj brac(‘d 
together at the top by a shallow, single-l(‘af girder; and sid(j girders shall 
be emploj'ed between tlu? main tow(T columns and the back-l(*gs. Hori- 
zontal bracing shall be us(xl betw(?(*n these* girders. 

As a rule skew crossings shall be* avoided; but whe*r(* this is impossible 
and a large skew exists, and when* the* tow(*rs an* sup])orted ind('j)(*ndently 
on masonry, they shall be; ])uilt up of four v(*rt.i(;al columns braced in all 
four vertical planes and in the top horizontid plane. 

Where the towers consist of two columns braced by the back-l(*gs, 
the sheaves shall gene;rally be supported on the tow(*r columns produced, 
and on subposts supporter! on top of tin* sh(*ave-gird(*r in case; singh*- 
webbed girders are adopted, or riveted b(*tw(‘en the* girders in cas(; double- 
webbed girders are employed. In tlu; former case, the sul)posts must be; 
bracked to the transverse girder between tlu; ]>ack-legs. Where each tower 
consists of two columns alone or of four columns as in sk(;w (Tossings the 
tower sh(*aves shall be supported on sub[)Osts rivet(*d to the tow('r columns. 

In ordinary towers only two sheaves shall be used, and the counter- 



GENERAL SPECIFICATIONS FOR DESIGNING 


1697 


weights shall move up and down inside of the towers. In skew crossings 
or other crossings in which the tower consists of four main columns, four 
sheaves shall be employed, and the counterweights shall move up and 
down outside of the tower. 

Rigid supports and connections shall be provided for all machinery . 
parts. 

84. Bascule Spans 

Bascule spans shall, in general, conform to the preceding specifications 
for fixed and movable spans, and each type will have its own peculiar 
details to be work(;d out. 

In highway bas(;ule spans the floor construction shall be such that 
there will bci no displacement of the floor when the span is in its raised 
position. This will generally require the \ise of a timber plank floor. 

All parts of the; moving span shall bt; dcsigncKl for the stresscis pro- 
tiucc‘d for any position of the span from the fully-open to the closed. 
Where the str('ss(»s ar(^ indetcTminate as is th(i case in the counterweight 
arm of (‘(Ttain trunnion l)ascul(* spans, ('ach ni(*mber shall be figured for 
th(‘ gr(‘at(\st possible strc'ss that may come on it under the most logical 
assum])tions. Such meml)ers shall, prefera1)ly, have a section somewhat 
in excess of that r('(|uired by theory. 

The axles for trunnion bascul(‘s shall be made as rigid as practicable so 
as to reduce? th(‘ir deflections to the greatest extent possible. Proper 
provision shall be made? at the? points of suppe)rt, as well as at the be'aring 
jioints of the* trusse's, fe)r the defle'ction of the axle. 

In elou))le-le*af base*ule*s for highway brielges a substantial connection 
shall be provideel betwe*(*n the ends of the two leave's. 

85. Structural Supports for Machinery 

All strue'tural supi^orts anel ce)niic?ctiems for machinery shall be prop- 
erly de'sigiu'el fe)r the? le^aels earrie'el as we*ll as for all stresses ineluced by 
the? ope'ration of the inachineTy; and an impact of one hundred (100) 
per cent, shall be ai^plie'd to the latter. The beams in the machinery- 
house' shall be figured to siqqiort a load of 5,000 pounds, or the heaviest 
pie'ce e)f maediine'ry in the* liouse, in addition te) the le)ad from the flex)r 
anel the? beam itse'lf. The* unit stre*sse\s employe'el shall be one-half (J^) 
of those herete)fore specified for ordinary structural work. 

Power 

86. General 

In operating a movable si)an, eithe*r hand jwwer or some kind of me- 
chanical pe)we*r must be* e'lnployed, the ele'termination of this point de- 
peiuling generally u])on le)e?al conelitioiis. Wherever the operation is very 
infrequent and where ample time for opening is available, hand power may 
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be used. But where that class of equipment alone is installed, it is nec- 
essary that men be easily procurable for operating the bridge, and the 
span must be opencid and closed often enough to ensure keeping the 
machinery in good working condition. Where there is a possibility of 
requiring mechanical power in the future, provision should bo made for 
the addition of such equipment. 

In most case's it \vill be found advisable to employ some form of me- 
chanical power; and, as a rule, either an electric or internal combustion 
motor will prove the most satisfactor3\ Wherever it is possible to obtain 
electric current, the (Je'ctric motor should be adopteci, otherwise the? in- 
ternal combustion motor. As a source of powe^r storage battc'ries are 
rather unsatisfactory; and, unhvss called for by syx'cial consi(l('rations, 
they should be avoided. In all cases ample pow(T shall be provi(l(?d and 
emergency equipment instalh'd. In certain cases hand operation may be 
satisfactory for the emerg(mcy equipment; but wlu'nj conditions are such 
that it is impracticable', a gasoline engine shall be used. Suitable brakes 
must also be emi)loy('d to stop and hold the span in any position under 
all conditions governing its operation. 

In operating the span, the power equipment must ample to over- 
come all resistances in th(' times specifi('d for opening umh'r various con- 
ditions. TIk; forces to Ix' overcome are friction, inertia of moving parts, 
wind, and in some case's certain unbalanced loads. The moving load 
shall be take'ii the same? as is used in the designing of the structural work. 
In locations where snow is like'ly to occur during the opc'ii navigation 
season, proper provision must be made for taking can? thereof in the 
design of power and machim'rj" equipmc'nt. 

For railway floors the ania expos('d to wind shall be takcjn at eighty- 
five (85) p(*r cent of the gross an'a. 

For spans wlx'n^ unusual wind conditions exist, especial attention 
must be given to the design of the operating ('quipment. 

In determining the power nxpiired for all typ(?s of movable spans as 
well as in designing the machinery, the efficiency of a pair of spur gears 
shall be taken at ninety-thr('(; (WS) per cemt. This allows for journal 
friction. The (*fficiency of a set of bevc'l gc'ars shall lx? tak(;n at eighty- 
five (85) per cent., and of worm-gearing at fifty (50) to sixty-five (65) 
per cent. 

The torque at the armature shaft requirc'd to overcome ea(;h force 
throughout the movement of the span shall be determined and given 
by curves, together with a curve showing tin; total or maximum torque 
at any time during the operation of the si)an. 

87. Swing Spann 

For centr(i-bc;aring swing spans the friction shall be taken at nine (9) 
per cent of the total load on the pivot; and for rim-bearing spans at six- 
tenths (.6) per cent of the load on the rollers. This force shall be assumed 
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to be located at the centre of the rollers in rim-bearing swings and at a 
point two-thirds of the radius of the disc from the axis of rotation in 
centre-bearing drawspans. Applied at the pitch line of the rack this 
force becomes: 


and 


= 

Fi = 


MWRi. , , . 

- tor centre-bearing swings, 

M\ 

.0006 WIi2 , . , . 

for nm-bearing swings; 


wIk'h^ Ri = radius of disc for cimtro-boaring sw'ings, 

R 2 = radius to centre of rollers for rim-b(Miring swings, 
R = radius of pit(!h-line of rack, 
and W = weight on rollers or disc. 

The force at the rack to overcome inertia is 

„ Mar^ 


wher(‘ M = Total mass to be moved. 

Cl = Lineal acceleration at pitch circle of rack, 
r = Ibidius of gyration, 
and R = liadius of rack. 

For swing spans opening in from one (1) to oik' and one-half (1)4) 
minutes, the period of acceleration should be taken at from ten (10) to 
tw(‘nty (20) seconds, and the period of retardation from ten (10) to fifteen 
(15) seconds. 

For greater tim(*s of ojK'iiing these periods should be increased in 
about the; same jiroportiou. 

(i^ “1“ 

Ordinarily can bc^ assumed equal to • — , 

o 

wh(^r(', a and b are the half-hmgth and half-wdth of the span. Where 
the span is very long and th('re is considerable variation in the weight of 
the truss piT lineal foot, the total weight at eai^h ])aiiel-poiiit should be 
figured and th(' radius of gyration, i’, detcTiiiiiied by assuming tht‘se weights 
conci^ntrateil at the centre line of truss. 


(l2 _|« fj2 

Assuming r® = - -, and M = — — (when* W is the weight corre- 

(j 


sponding to the mass M), the force at the rack to overcome inertia becomes 


F: 


Wa ( a^ + 6=) 
96.6 if-' ■ 


An unbalanced wind load of one (1) traund per square foot sliall bn 
assumed to act on the exposed area of one arm of the span as seen in 
vertical projection. The centre of this load shall be taken at a distance 
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of Z/2 from the axis of rotation, where I is tlie length of one arm of the 
span. The force at the rack to overcome this wind load is 



where P is the total unbalanced wind load on onc^ arm. This force shall 
be added to those for friction and inertia; and the power eciuipment must 
be capable of overcoming all th(5S(; forces in the normal time of operation 
or the least time specified for opening. In the more important bridges 
this time should usually vary from one (1) to oiu? and one-half (IJ^) 
minutes. When^ the conditions so warrant, this limit may be increased 
according to the judgment of the Engineer. The machinery must also 
be strong enough to hold the span against an unbalaiKHnl wind load of 
ten (10) pounds per squan? foot. Si)ecial cases sonu'times aris(' where 
one arm will be protect ( h 1 from the wind whik' the other is not, or one 
arm may be longer than the other, as in a bob-tailed draw. Such cases 
will have to be given special consideration when tlu'y arise. 

In operating the end and centre w(‘dges, tlu' forces to over(;ome are 
the horizontal compomaits of the vcTtical n'jictions on tlu' wedges and 
the friction on each contact surface. This friction shall b(‘ taken at fif- 
teen (15) per c('nt for each surface. In ease toggles are us(‘d to lift the; 
ends of the ST)an, the friction in th(‘ toggl(‘-joints shall also be tak('n at 
fifteen (15) per cent of th(' total load tla'n'on. For o])(Tating th(‘ locks 
a proper allowance of power is to be made. '^JTio wedges and locks should 
be opened or closed in from fifteen (15) to thirty (50) seconds. 


88. Lift Sjmns 

For vertical lift spans th(‘ fri(!tion on the journal shall be taken as 
twelve (12) pc'r cent at the start and reduced by unity for each inen^ase 
in speed of one (1) foot per minuter at periphery of journal until the fric- 
tion has been reduccMl to six (0) per ccait. This force shall be reduced 
to an equivalent force at the? rim of th(j tower sh(»av(‘. If r = the radius 
of the journal, It = the radius of the supi>orting sheave*, \V = total mov- 
ing load, the force in the operating ropes to overcoirui starting friction 
becomes 

0.12 Wr 

"• - n ■ 


The force at any other instant shall be determinefl in the same way by 
using the proper friction factor. 

The force lujcessary to overcona; in(*rtia is 


li\ = Ma^ 


W a 

32.2' 


where W = total moving load, and a = the linear acceleration. For 
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spans opening in from one (1) to one and one-half (IJ^) minutes, the ac- 
celeration should take place in from ten (10) to twenty (20) seconds and 
the retardation in from ten (10) to fifteen (15) seconds. Where the time? 
allowed for opening and closing is greater, the period of acceleration and 
retardation should be increased correspondingly. In lifting-decks, the 
time for opening should vary from one-half (3^) to one (1) minute, and the 
time of acceleration should be decreased in due proportion. 

Except when the span and the counterweight are at mid-height of lift, 
the count(irweight ropes th(^msclves arc unbalanced. This condition may 
be overcome by special balancing chains; but when this is not done, the 
weight of the unbalanced rope must be taken care of by the operating 
equipment. The force necessary to overcome the effect of the unbal- 
anced cables is 


Fz = K, 


where It is the weight of the unbalanc('d cables at any point in the travel 
of the span. It must be rcmc'mbered that for the first half of the opera- 
tion in cither direction this unbalanced load acjts against the force tend- 
ing to move the span, whereas in the latter half thereof it acts with 
that force and against the braking action. 

For normal operation a wind load of two (2) pounds per square foot 
shall b(j assumed as acting against the exi)osed area of the span as it is 
seen in v(Ttical proj(^ction. 'J^hc friction on the guides dm) to this wind 
load must be overcome by the operating ropes. This friction shall be 
taken as fifteen (15) per cent of th(^ said wind load. 

For normal operation of from one (1) to one and one-half [114) iRiR- 
utes the operating equipment must be capable of overcoming the above 
forces. It must also be capal)le of moving the span for all wind loads 
of less than fifteen (15) pounds per s(]uare foot, although the time of 
operation und(T such a condition shall be incn^asc'd accordingly. 

The span-locks for lift bridges shall, as a rule, be o])('rat('(l by hand, 
when the operator is located in the machinery-house. Howc^vit, when 
mechanical oi^eration is required therefor, it shall be designed to meet the 
case in hand. 


89. Bascule Spam 

For bascule bridges the power equipment will dei)('nd on the type of 
bascule used; and, in general, it will be govc'rned by the preceding speci- 
fications for lift bridg(;s. For rolling bascules the coefficient of rolling 
friction shall be taken at eight (8) per cent. The oix'rating equipment 
on all types must be capable of holding the span in any position for a 
wind load of fifteen (15) pounds per scpiarc foot on the exposed surface 
as seen in vertical projection, and of moving it in the sj)ecified time against 
a wind load of two (2) pounds per square foot thereon. 
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Power Equipment 
90. Hand Operation 

When hand pow(T is used on llip span, the number of men required 
and the time to operate shall be based on the assumption that one man 
can exert a force of 40 pounds on a lever with a speed of 160 feet per 
minute, developing about one-fifth of a horse-power. For figuring the 
strength of the machinery’' a man shall be assumed to exert a starting 
force of 125 pounds. 

01 . Electric Operation 

The motors for performing tlu' various operations necessary to open 
and close the movable sj)an shall be of either A. (\ (alternating current) 
or 1). C. (direct curnait) (‘onstruction, d(‘])(mding upon the kind of ciir- 
nmt available at tlu* bridge' site'. For alte'riiating current, crane e)r mill- 
type slip-ring ineluction, or railway motors shall be' used; and fejr elir('e*t 
current, niihvay, crane', or mill tyi)e'; se'rie's-woimel me)te)rs with sloltc'el- 
drum armature's anel form-wounel armature' coils. All rriedors shall be 
weathe^rjiroof or protected by we'athe'rpre)e)f housings se) arrange'el as te) 
permit easj" ae'e'e*ss for inspection anel re'])airs. The' he)usings shall be 
tapped for coneluits so as to avoiel e'xpe)sing the' me)le)r-le'aels. Stanelard 
commercial motems in e*e)inine>n use shall be' scle*cte‘el se) that eluplie*atc 
parts can be readily e)btaine'el. Mote)rs enlire'ly e'ne*loseel shall be pre)- 
viele'el with e:)pe*nings for inspe‘e*ting e?ennmutator anel bruslu's. The me)te)r 
shall e'itlier have the armature' shaft e'xte'nele*el anel ke'y-se'ate'el for a e*oup- 
ling, or shall be' ])rovieled with bae*k ge'ars. In the* latteT e*asei a forge*el 
ste'e'l pinie)n shall be keye'd anel locke'el to the; armature' shaft anel shall 
engage; a cast-ste'e'l ge'ar ke‘ye.‘el to a se'e*e)nelary shaft with be*arings in the 
me)te)r frame;. The* serejnelary shaft shall be* ke*y-se*ate*d fe)r a (;oupling, 
and the* bae*k ge*aring shall be; prope*rly heiuse'el. JJoth gears shall have 
machine;-cut te*e*th. 

For light spans one; me)te)r shall gene'rally be; e'm])le)ye*el te) e)])e'rate the 
span; but for lie*avy spans twe) me)tejrs, although e)ne* ine)tor e)nly may 
be used, if the e'ngine*e*r se) ele*e;iele*s. Where* twe) me)tors are; e'lnplenTel to 
operate the si)an in the; ne)rmal time*, pn»visie)n shall be* maele* fe)r e)pe*rating 
it in a longe*r lime; with one; of the* mote)rs ale)ne. With I). ('. e'eiuipinent 
the; two mote)rs shall be; ope'rate'el in se*rie*s paralle*!. A s(*parate me)te)r 
shall be used to raise the; enels of swing spans, anel to opc'rate the le)e;ks 
anel gate;s where mechanical pe>wer is use'el the‘refe>r. The motors shall 
be cai)able of developing the n('e;e»ssary torque; anel horse-power re'quireel 
for j)e‘rforming the varie)us cjp(;ration.s within the times specified. Motors 
shall be; rate;el on the one*-half hour basis, according to the Stanelard 
Uules (jf the A. I. E. E., viz.: 

After one-half hour’s run at the rated loads, the temperature of any 
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part of the motor windings shall not exceed by more than fifty (50) degrees 
C. that of the surrounding air, if the temperature of the surrounding air 
is twenty-five (25) degrees C. The permissible rise in temperature shall 
be increased or decreased one-half of one per cent for each degree (!enti- 
grade that the surrounding air is less than or greater than tw(*nty-five 
(25) degrees C. The normal running and starting torques and the maxi- 
mum running and starting torques of the motors shall be obtained from 
the company or companic^s manufacjturing the motors seleetc'd. For nor- 
mal operation, the sum of the normal starting torques of tlu^ motors shall 
b(i slightly in excess of th(; starting torque m'oded to move the span, and the 
sum of th(; normal running tonpies at maximum speed required shall ho 
slightly in €;x(;(\ss of tho running torque nupiired at tlu* (wl of tlu^ aceeJerat- 
ing pcTiod. WIktc two motors oix'rate tlu^ span, tlu' maximum starting 
and running tonjiu's of ('uch motor shall Ix^ well in (‘xo(\ss of the total 
starting and running tonpies rcxpiircd. Und(T all conditions of operation 
then^ shall Ix' no injurious h(‘ating or sparking of tlxj motors. The speed 
of th(‘ motors throughout ilu* oi)erations shall be such iis to open or close 
the si)an in tlu‘ requinxl time. 

All motors shall he equi])]x*(l with standard sokmoid brakes with a brak- 
ing tortpie that will stop operation in the nxpiircHl time. These brakes 
shall b(' si‘t by springs or other mechanical iiK^ans, and n^leased by sole- 
noids operating only when the motors are drawing cummt, except as 
hereinaft(T provided. The solenoids shall have ani])le cai)acity for all 
currents ])assing through the motors without exhibiting injurious heating. 
The friction surface's shall be of materials not alTcxdetl ])y moisture. To 
mak(^ coasting possil)le, a reh'asc^ shall be i)rovid('d for each solenoid 
brake, allowing it to draw current wh(*n tlu' motors are shut ofT at the 
will of the opcTator. WeatluTproof motors shall be provided with weath- 
erpnx)f solimoids. 

Mt)tors shall be mount(‘d so as to afford ('asy ac'cess for insjx'cdion 
and re])airs. They shall be supported on g(xxl, substantial brackets or 
foundations. For each size of motor there shall l)e furnislu'd the follow- 
ing (^xtra ])arts: one armatun', one set of fi('ld coils, oiw s('t of brushes, 
and OIK' pinion and one split gi'ar (if the latti'r two are su])])lied with the 
motor) fitt('d and ready for (juick installation. 

Controlk'rs shall be of the n'versing-drum tyjie with contacts pro- 
tectc'd by blowout magnets, exc('pt whc're the currents an' too large for 
the ordinary controller or where rc'mote control is m'ci'ssary, in which cases 
there shall be magnetic, switches on the switchboard operated by master 
eontrolk'rs. All controllers shall be of ami)le carrying capa(;ity to oper- 
ate the motors under all conditions without injurious sixirking. They 
shall Ix^ capable of varying and maintaining tlu' sjx'i'd from zc'ro at the 
start to the maximum running s]XH'd without injurious sparking or slnx'k 
du(^ to sudden variation in spi'CMl. Suflick'iit st('])s shall be provided on 
the controlh'r so that the torcpie of the motor will vary approximately 
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as the torque required. The controllers shall be so wired that the sole- 
noid brake will b(' released on the first notch and the motors started on 
t/he second. Where two D. C. motors are used, they shall be connected 
by one seri(*s parallel type controller, capable of operating both motors 
or eitluT motor alone. Separate controllers shall be used for the end 
lifting, locking, or gate motors where electrical operation is provided. 
All ai^paratus shall lx; so interlocked that all operations can be performed 
only in their prop('r sequence. In railway bridges, emergency switches 
shall lx; provided so as to release the various motors from interlocking 
in case the intcTlocking systc'in becomes deranged or in case there is not 
sufficient time to s('t the signals without great risk of a boat's striking 
the span. These switches shall lx; placed in seahxl glass cases on the 
switchboard. 

Cant grid resistances shall be used in the motor circuits, designed so 
as to carry the currents recpiired without destructive heating. They 
shall be properly mountcHl so as to avoid serious vibration and so as to 
give proper access for ventilation and inspection. 

In addition to the solenoid brakes, hand brakes shall be used for the 
main operating motors when the operator is located in the machinery- 
house; otherwise an ('lectric brake shall be (employed. The hand brakes 
shall be of the band type, and shall be oi)erated by a lever located near 
the controllers. The brake shall have a braking torque ecpuil to the 
normal starting torque of the motors. Hard maple bhxjks attached to 
stc(;l bands shall bear on a cast-steel l)rak(;-wheel. The coefficient of 
friction between th(‘ blocks and the cast steel brake-wheel shall be taken 
at twenty (20) per (!(*nt. 

The brakes shall be of the tjqje shown in Fig. 78a. 0 is the centre or 
support"^ of the brake wheel ; /i and E arc the supports of the bell cranks 



ABD and DEF, respectively; A and C are the points of connection of 
the brake-band to the bell crank ABD; II is the support of the lever 
LIIj and G is the connection point for the link FG, 

Let K = Force appli(;d on the brake-lever. 

P = Force; at the (jircumference of the brake-wheel to be overcome. 

R = Radius of the brake-wheel. 
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T = PR = Torque to be overcomf'. 

Ti = Pull in the brake-band on the taut side. 
Tg = Pull in the brake-band on the slack side. 



e = llase of the Naperian logarithms = 2.71828. 

/ = (Coefficient of friction between the brake-wheel and the band- 
blocks. 

6 = Angle of contact b(^tween the brake-band and the brake-whecil 
in radians. 

Then X = (See Table 7&Z.) 

P ^Tt-T, = (\- 1)T,. 



(Tj + 7^,) X % X Rz X_a 
RiX Ri X if5 


1^AI3LE 7M 

Values of X for Hand Brakes 


100 ° 

120 ° 

140° 

160° 

180° 

200 ° 

220 ° 

240° 

270° 

300° 


AiikIp of (Contact 



Katin Ti to Ts - \ 


= 20*, i. 

/ - 



1.1 IS 

1.6SS 

i.r)20 

1.S74 

1.630 

2.0SI 

1.74S 

2.311 

1.871 

2..566 

2.010 

2.S.50 

2.155 

3.164 

2.311 

3.514 

2.566 

4.111 

2.850 

4.811 


Where an electric brake is used, it shall be sot by a spring and released 
by a solenoid. The brake will always be set excc'pt when the span is to 
be opened, when it will be released. If it is needl'd during the operation, 
it will again be set by cutting current off of motor. Tt shall be so designed 
that no injury will result if released indefinitely. There shall be a shunt 
circuit controlling the solenoid, and it shall be so arranged that the braki' 
cannot operate while the motor is drawing current. A mechanical releasi' 
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shall be j^rovided so that the brake can be released in case of ('in(Tgency 
operation. A shunt ndc^ase shall be provided to hold brake off at will 
of operator to allow spans to coast. The shunt reh'ase switch shall 
be placed on the coiitrolh'r within easy reach of the operator. 

For all o])erations p(*rfonned hy motive pow('r, automatic limit switches 
shall b(‘ used to cut off t\w. curn'iit at each (‘lul of travel for the wcnlges, 
locks, and gates, and at su(di a i)oiiit near each limit of movc'inent of the 
span that it will eomc' to r(*st without jar. Tlu' limit switcrlu's shall be so 
made that they will lx* capable of suitable' adjustment. For span opera- 
tion a spring switch normally opeai shall be provided that will shunt 
around the limit switclu's and allow the oix'rator to bring the span to 
its fully ope'ii or closed position, if necessary, after either limit switch 
has opened circuit. 

The open and closed positions of the wedges, locks, gates, and span 
shall be indicated to the operator by means of ('lectric lam]w attached 
to th(? switchboard. 'FIk' lamps shall show clear for c1os(hI i)Ositions 
when the span is ready for traffic, and shall show n'd for open positions. 
Each signal must be sufficiently accurate to indicate' that the succc'eding 
operation may be safi'ly performed. 

In addition to the previously nn'iitione'd indicators, a mc'chaiiical in- 
dicator shall be i)lac('d in the' operator’s house' so as to she)w the' position 
of the span te) the' iie'are'st fe)e)t at any time during its me)veme'nt. The 
last two fe'e't of the ele)wiiwarel movement of the' span shall be^ give'ii to 
the nearest inch. This indicator shall be' plaen'el in such a position that 
the operator can re'aelily se'e? it while' ope'ratiiig the span. 

All wiring shall be^ ele)ul)le'-l)raide'el, rubber-covere*el, e*e)piKT wire of 
ample capacity to e'arry the' eairri'iits re*(iuireel by the' me)te)rs for maxi- 
mum lejaels without injurious lu'ating anti U) proviele* satisfactory o]X'ra- 
tion. No wires shall lx; less than No. 12 B. & S. gauge'. The wire's shall 
be drawn wlhout injuring them into le)rie*ate;el ejr eepiivale'iit eiemeluits. 
These coneluits shall have as fe'W be'iiels as pe)ssible, anel shall be; elirectly 
connected to all apparatus se) as te) pre)viele; a we*athe'rpre)e)f he)usirig for the 
wires. In case alternating curre'iit be; e'lnployed, all the; wire's of all phases 
(both fe;eel and re'turn) shall be' i)la(;e'el in one; ce)neluit. (}re)unels, when 
useel, shall be so thoroughly maele; anel arrange'el that no elarnage fre)m the 
current to eitlie;r the; supe'rstructure or the substructure e*an e've'r occur. 

In elraw-spans the; supply cables may be brought in e)ve.'rlu'ad, or unele;r 
the river anel up through the pier. In e'ithe'r case' collee;tor rings shall 
be provided to coneluct the curre*nt to the; brielge; while in me)tion. The;se 
rings shall be; prote'cte;d from the we'athe;r. St,e;e;l armore;el subac(ueous 
cable;s shall be used when the wires are; i)lace;el under the river; anel there 
shall be se;parjite; cable's fe)r the supply anel the return currents. Each 
cable shall be compe)seel of nineteen strands of tinne;el ce)pper wire of not 
le;ss than ninety-eight (98) per cent coneluctivity. The insulating wall 
shall be not less than five thirty-seconds {% 2 ) of an inch thick anel shall 
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contain not less than thirty (30) per cent of pure Para rubber. Tliere 
shall be one winding of tape, and a lead sheath, three thirty-seconds {% 2 ) 
of an inch thick, the lead containing three (3) per cent of tin; also a sub- 
stantial jute and asphalt covering and an armor of galvanized steel wire 
of suitable size for the diameter of the cable. Tlici cables shall show at 
sixty degre(\s Fahrenheit an insulating resistance of five hundred megohms 
per mile after five minutes* electrification. All feed wires shall be pro- 
tected by a pole-switch fus(; and lightning arrester mounted on a non- 
combustible and non-absorb(mt insulating base. 

In lift spans, vertical trolley conducitors shall lie placed on the front 
faces of the towers and sliall extend for such a height that the collectors 
attachc'd to the ends of the lift span can tak(i current for any position of 
th(^ span. 

The (contactors for making or bn'aking th(‘ (0(‘etric circuits to operate 
the indicator lights or similar connections sluill be of substantial design 
and of a ty])e that has Immmi operatcxl succ(‘ssfully undcT similar conditions. 
They shall b(» ])rotect(‘d from the weather and l)e (^asily iiecessibk^ for 
insja'ction and reiK'wal. All circuits shall be so arrangcnl as not to iiiter- 
f(Te with the track signal circuit. 

Switchc's of the (luiek-bn'ak type and of ai)i)rov(Ml cU\sign shall be })ro- 
vid(‘d for (‘ach su])pl3’' wire and for all cinaiits. Tluy shall b(' mountc'd 
on the swit(!hl)oard in the oix'rator's house. The switela^s shall be dev 
sigiK'd to carr^’^ a curnmt of not more than nine liundnxl (900) amptTCS 
p('r square) incli of cross-section. Any kiiif(*-switeh shall hiiw a caj)acity 
of not l(*ss than one hundn'd (100) amptTC's. Emerg(mc\' switches shall 
be used as notinl on page 1704. Automatic circuit -break('rs shall be 
placc'd on the switchboard to jirotc'ct ('ach motor circuit from ('xcessive 
curnmts. All oUkt circuits sliall b(‘ protc'cted ly enehjscxl fuses. A volt- 
meter and an ammetcT of amiile capacit,y and standard make shall bo 
placed on the switchboard. 

A switchboard of first-qualitj" slate and proper cU'sign shall be placed 
in the ofierator’s house. It shall be of ample size to carr^' without crowd- 
ing all m('t(Ts, switclK's, fus(*s, circuit -breakcTs, indicator-lights, etc., and 
shall be attaclu'd well above the floor to a substantial fraiiu'. All apparatus 
on the board shall be properly" labelled as to its use. 

Ek'ctric lights of sixt('en (IG) candle-power shall b(‘ placed in the 
house so as to ])rovide ample light for tlu* house and for th(' inspection 
of the machinery. Lights with w(*atheri)roof sockets shall be used oti the 
outside, on the stairs and walks, and at other points wIutc mx'ded. All 
lights shall be coiitrolUxl ly suitable switclu's. A light shall be placanl 
over ('ach indicating instrument or so arraiig('d as to illuminate its dial. 

(Channel and signal lights shall be provided for the guidance of boats, 
as required by the S. Government. 

Track signals when reciuired will be furnished and installed by the 
railroad company, which will also furnish and put in place all levers and 



1708 


BRIDGE ENGINEERING 


Chapter LXXVIII 


interlocking devices between the signal system and the bridge operating 
equipment. 

A bell, or othc'r suitable signal, controlled from the operator's house, 
shall be instalk'd to warn traffic that the bridge is about to be opened. 

In selecting th(' ('quipment it should always be jiscertaincd whether 
or not any particular local! tj'^ requires special signals for boats, etc.; as 
this is sonu'tiines the case. 

92. Internal Comhuation Motors 

If a gasoline engiiu' or other internal combustion motor is used, it 
shall be of the most sul)stantial const ru(;t ion, and capable of producing 
a torque, based on tlu' rated hors('])ower of the motor, twemty-five (25) 
per c(nit in excess of thi‘ maximum torcpie required. It shall be capable 
of performing tlu' oixTation in the time specified, and shall have a piston 
speed not to cxcchhI six hundred (600) feet per minute. For important 
bridges an engine shall b(^ installc'd for operating the span, and another 
for operating the locks, w(*dg(*s, and gates, wlu'ii these are mechanically 
operated. On bridges of h‘ss importance a single engine may be uschI 
for all operations, in which case proper provision must be made for shift- 
ing from one set of machinery to the otluT. Friction clutches shall be 
employ(‘d to apply the load gradually to the engine. For engines of the 
4-cycle tj'pe, which rotate in on(‘ direction only, two friction (dutches, 
arranged in dupl(*x, must b(^ us(‘d so as to mak(^ possible the operation 
of the machin(*ry in both din'c^tions. For the 2-(;ycle type, one friction 
clutch will be sufficient. Engine's of ten (10) horsc'power and more shall 
be started by compressed air. Engines shall be eith(*r air-cooled or wati^r- 
cooled, as Ix'st suits the case? in hand, and all accessori('s necessary for 
their comph'te operation shall be provided. The gasoline tank shall be 
placed outside of the (?ngine house. Indicators shall be provided to show 
the positions of the si)an, locks, and w(?dges. Brakes, signals, lights, etc., 
shall be provided as for electric operation. 

Machinery Equipment 
93. General 

The machinery equipment shall include all parts on which the span 
moves, as w'cll as all parts by which the motion is either impartc^d or con- 
troll(Ml, together with all details lU'cessary to support or hold such parts. 

All machinery shall be of simple but substantial construction. It shall 
be desigiKjd so as to b(? (‘asily ennited and adjusted; and it shall main- 
tain its alignnu'nt aftcT it is finally placed and bolted in position. Every 
part of the •equipini'iit must be (Easily acci'ssible for inspection, cleaning, 
oiling, tight(‘ning, (^tc.; and the whole of it shall be so arranged that any 
part can be readily removed for repairs or renewal. 
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94. Maierials 

For the various parts of the machinery equipment, the following 
materials shall be used; but when the material is not mentioned in the 
specifications or on the plans, its character shall be determined by the 
Engim^er. 

Fur all structural parts — ^medium steeJ. 

For rivets and bolts — rivet steel. 

For cqualiz(ir-bars — ^nuHlium or forged st(M4. 

For k(^ys, cottcTs, pins, axles, shafts, trunnions, screws, worms, and 
piston rods — ^rolhid or forged steel. Shafting pins and trunnions over four 
(4) indices in diameter shall be of forg(‘d st('c4. Shafting under four (4) 
inches in diameter may be of cold-rolled st(iel. 

For levers, cranks, (;onnec ting-rods, and ropc^-sockets — forged or cast 
steel. Rope sockets shall Ix^ drop-forged unless too large for the manu- 
factuH'r’s dies. In such a cas(i (dther special dies shall be made or cast- 
steel sockets employed. 

For the top, boxing, and basc^ of pivot-stands, and for rollers, track, 
rack, end and centre shoes, latch-castings, sheaves under thirteen and a 
half (13.5) f('et diameter, rims and hubs for sh(»av(\s over thirteen and a 
half (13.5) f(‘et diameter, guide and centring castings, toothed wheels, 
bearings, couplings, and brake-lever stands — cast steel. Pinions shall be 
made of gorged sted unl(\ss th('y an^ too large for forgings, in which case 
they shall be made of cast steel. 

For pivot discs, friction rollers, ball-1 x'arings, footsteps of vertical 
shafts, and wIktcvct desirable to reduce the bearing area, abrasion, or 
friction — hanh'iuxl st(M'l. 

For rail lock castings — ^manganese steel. 

For the centre discs of i)ivots and the linings of journal Ix^arings of 
trunnions — phosphor bronze for heavy loads and slow speeds. 

For linings of shaft and f(X)tstep bearings and otlx'r rotating or slid- 
ing surfaces, to prevent S(?izing — ^iJiosphor bronze for light loads ainl high 
speeds. 

Rabbitt metal may lx? uscxl for light loads and low speeds. 

For counter weight cables and operating cables — plow steel. 

Cast iron may be used for unimportant i)arts, such as small shaft 
bearings, idlers, etc. 

95. Loads 

In designing both the suppoding and the operating machinery, the 
loads us(^d shall be taken the same as those for which the power equip- 
ment is figured. 

96. Unit Stresses 

The unit stresses for the oi)erating inachiiK'ry, under normal condi- 
tions, shall be as given in Table 78c; and those for the supporting ina- 
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chincry shall be fifty per cent greater. Stresses set up in the machinery 
when the brakes are applied may exceed the normal unit stresses by not 
more than fifty (50) per cent. 

The normal unit stresses may be increased one hundred (100) per cent 
when the bridge is being held against the maximum wind loads speci- 
fied, or when o])erating by hand power with as many men as it is possible 
to utilize', ('aeh ('xe'rting a horizontal force on the levers of one hundred 
and twenty-fiv(' (125) pounds. 


TABLE 78e 

Normal Enit Stresses for Operatinc. Machinery 


Material 

Rivet Steel 

Stnicturiil Steel 

Forged St ('el } 

Machinery Steel )' 

Cast Steel 


Tension 

Compression 



10,000 

[ 

10,000 - 10 

r 

12,000 

12,(K)0 - 15 

i 

’ r 

s,ooo ! 

10, (XX) - to 
' r 


HontlinK 

Shear 

Bearing 


.5,000 

10,000 

10,000 

7,(K)0 

12,000 

12,000 

9,000 

15,000 

8,(K)0 

' G,000 

10,000 


In equalizer liars the iiK'tal back of the pin shall be figured .at 10,000 
pounds per squart' inch, and the metal through the pin hole at 5,000 
Iiounds per square inch. 

For parts such as shafting, in which the stresses reverse rapidly, the 
unit stri'sses shall be taken as one-half of the v.alues given above; 
and for parts such as trunnions, in which the reversals take place more 
slow’ly, the unit stress('s shall be taken at tw^o-thirds the normal 
values for supporting machinery. 

TIk; stn'ngth of cut gc'ar teeth shall conform to the following formula, 
one tooth only being assumed to take the entire pressure?, 

W = spf!j; 

in which W = tooth pressure in pounds, 

s = allow^able inte'iisity of working stress, 

= 15,000 pounds for veloeaties umh'r 120 fec'i per minute, 

= 18,000 (-^ , ) for velocitie's over 120 feet peir minute. 

VhOO + V/ ^ 

V = velocity in feet per minute, 
p = circular pitch in inches, 

/ = face of tooth in inches, 

and y = factor de'pending on number of t(j(*th. (Tsiblc 78/.) 


* With^ = 2.J :in(l less, iisn n,(KX) lbs. for structural and cast steel, and 11,000 lbs. 
for forg(?d and machinery steel. 



GKNEllAL SPECIFICATIONS FOR DESIGNING 


1711 


TABLE 78/ 


Factor of Strbncjtii y for Gbarr with 20® Involute Tbetii 


No. 

of 

Teeth 

V 

No. 

of 

Teeth 

V 

No. 

of 

Teeth 

V 

No. 

of 

Teeth 

V 

No. 

of 

Teeth 

V 

12 

.078 

22 

.ia5 

32 

.116 

43 

.12(i 

85 

.139 

i:i 

.083 

23 

.lot) 

33 

.117 

45 

.127 

90 

.140 

14 

.088 

24 

.107 

34 

.118 

47 

.128 

95 

.141 

15 

.092 

25 

.108 

35 

.119 

49 

.129 

100 

.142 

16 

.094 

26 

.KM) 

36 

.120 

50 

.130 

110 

.143 

17 

.096 

27 

..111 

37 

.121 

55 

.132 

120 

.144 

IS 

.098 

28 

.112 

38 

.122 

60 

.134 

140 

.145 

19 

.100 

29 

.113 

40 

.123 

65 

.135 

150 

.146 

20 

.102 

30 

.114 

41 

.124 

70 

.137 

3(X) 

.150 

21 

.104 

31 

.115 

42 

.125 

80 

.i;i8 

Kae-k 

.154 










. 




The allowable str(‘ss(\s pcT square inch for bearing on rotating and 


sliding surface's shall be as follows: 

For Slow and fntermillenl Speeda: 

Pivots for swing bridges, hardened sten'l on phos- 

I)hor bronze 3,000 lbs. 

Journal l)eai‘ings for trunnions of lift and bascules 

bridge's, steel on phosphor bronzes 1,500 lbs. 

Wc'dge's, cast ste'e^l on cast steel, east iron, structural 

st(M'l, or bronze 500 lbs. 

Scre'ws transmitting motion, on proje'eite'd are'a of 

thread 200 lbs. 

For Ordinary (\uses, Moderate Speeds: 

HardcMied steel on hardeme'd steel 2,000 lbs. 

Hardened steel on phos])hor bronze 1,500 lbs. 

Tool steel (not harde'iie'd) on phosphor bronze* 900 lbs. 

Machinery stee»l on bronze* GOO lbs. 

Machiiu'iy steel on Babbitt ine'tal 400 lbs. 

Structural ste*el on cast irem 400 lbs. 


In orele'r to pre*vent heating anel se'izing at high s])e*e*els, the pre*ssuro 
on pivots or foe)tste*p bearings for vi'rtieal shafts and journals shall not 
(*xceed the following: 


On pivots 


V 


80,000 
71 (i ' 


On jenirnals 


P = 


300,000 
nd ^ 


where n = number e)f revolutions per minute, 

d = diame'ter of je)urnal or i)ive)t in inches, 
and p = pressure in pounels per sepiare inch. 

For crank pins and similar joints with alternating motion the above 
values may be double'll. 

The allowable pressure in pounds per lineal inch of roller in motion 
shall be as follows: 
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For cast iron p = 200rf, 

For cast st(H»I p = 400rf, 

For machinery steel p = 500t{, 

For niitreatecl tool steel p = SOOd, 

For hardened tool steel p — l,000d, 


where p = pressure in pounds per lineal inch of roll(T, 
and d = diameter of roller in inches. 

The preceding values are for rolh'rs and hearing surfaces of the same 
material; for diff(Tent materials the smalltT value shall be used. 

The allowable pressure on balls of hardtmed tool steel running on 
surfaces of the sam(‘ matcTial shall be as follows: 

For balls running on flat surfaces p = GOOd^^ 

2d 

For balls running in grooves of radius — p = l,200d*; 

o 


where p = permissibh* load in pounds pcT ball, 
and d = diameter of ball in inches. 

The preceding values for rollers and balls in motion shall be doubled 
for rollers and balls at rest. 

The total stress in the? operating ropes and the (M)unt(Tweight ropes 
shall consist of the direct and bending str(issc‘s. Tlu? direct stress shall 
equal the direct load on the rope. The bimding stress shall be deter- 
mined from the following formula, 


K = 


Ea 

2.06 § + c 
a 


where K = bending stress in rope, 

E = modulus of cdasticity = 28,500,000, 
a = iiK'tallic area of rope in sq. in., 

li = radius of sheav(j in inch(‘s measur(?d to centre of rope, 
d diameter of win? in inches, 
and c = constant = 15.45 for G X 19 rofx*. 

For th(‘ counterw(?ight rop(\s, the ratio of the (ilastic limit to the total 
stress (including bending) shall not lx? less than tw(i (2), and the ratio of 
the ultimate? to the din?ct not lc?ss than six (G). 

For the operating rop(?s tin? direct load shall lx? taken as the total 
pull required to start the span. The ratio of tin? elastic limit to the 
total stress shall not be less than one and one-half ( 13 ^), and the ratio 
of the ultimate to the direct not l(?ss than five (5). 

Tables IGa and IGft give th(? weight, areas, ultimate strengths, elastic 
limits, and bending stresses of G X 19 wire ropes from 14" to 3" in diameter. 

Hope sockets shall have an intensity of tensile stress not to exceed 
65,000 pounds when the attached ropes are stressed up to their ultimate 
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strength. Tables 16c and 16d give the dimensions for open and closed 
sockets, respectively, for diflEcrent sized ropes. 

Designing and Detailing for Machinery op Movable Spans 
97. Track, Rack, Rollers, and Centre Casting for Rim-Bearing Draw-spans 

The tracks and rollers for rim-bearing swing spans shall be so designed 
as to provide a support for the swing span that will maintain exact align- 
ment and will distribute the loads properly to the masonry. The entire 
dead load shall be carricfl by the rollers while? the span is swinging, and 
the entire? dead and live? loatls on the pivot pier shall be carried thereby 
when the syian is eilosed. 

The upy)e?r trae;k shall be? maelc of segments of sufficient thickness to 
tlistribute the loael i)ropcrly bctwe?e'n the? rolle?rs anel the elrum. The toy) 
fae;e of tliis trae;k shall be ])laned smooth so as to form ele)se cemtaet with 
the bottom flange of ilie? drum, anel the le)wer face shall be i)!aneel conical 
so as to fit closely to the' conie*al rolle'rs. All joints between segments are 
to be i)lane'el smoe)th and to such beve'l as to ensure? perfect cewitact with 
e'ach other. These? track se'gme'nts are to be rive'teel or bolte'el te) the 
bottom flange's of the? drum with fifte'e'n-sixteenths ine;h rivets 

or bolts, place?el oppe)site, anel space'd ne)t to e'>x*eed fifteen (15) inches 
between e*entre's. The? heads of the'se be)lts or rivets are to be ceninter- 
sunk in the trae*k on the? siele ne'xt te) the re)llers. No rust ce'ment or any 
othe'r composition is to be? used betwe'e'n the? trae?k and the elrum. 

The? lowe?r track is to be? maele streing enough to distribute the loael 
from the rollers uniformly over the? maseinry. Its toy) is to be planed to 
a true conical surface to fit closedy to the? conical rolle?rs. The beneiing 
moment on the lower track is to be? founel by the formula, 

whore M = greate'st beneiing mewnent e)n lowe'r trae*k, ir = total loael on 
one re)lle'r, and I = distaue!e from ce'iitro to e*eutre' of aeljace'iit rollers, 
me'asurcd e)n the c(?ntre line? of the track. The le>wer track shall be made 
in se'gments from six (G) te) eight (8) fee't in lenigth. All abutting ends of 
lower-track se'gments are to be yilane'el sme)e)th, are to have' close contact 
throughe)ut, anel are to be be)lte'el together at e'ae'h joint In' not less than 
two bolts yiassing through he)le's in lugs cast the're'e)n. These bolts are to 
be at least fiftee'ii-sixte'cnths of an inch in diameter. In no case 

shall the upper track be? less than twe) anel e)n('-quarter (2}4) inches thick 
for railway spans or one anel thre'e-quarte'rs (1? f) ine'hes for highway spans, 
or the lower track less than two anel eine-half (2} 2 ) hiches thick for rail- 
way spans or two (2) inclu's for highway spans, measuring on the central 
(?ylinelrical surface of the? drum. 

The lower traejk shall be anchore'el te) the? top of the pivot-pier with 
bolts not less than one (1) inch in diameter, nor less than fifteen (15) 
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indies long, sot in place with Portland-cement grouting. These bolts arc 
to be made of soft steel, with hexagonal nuts Jit top, and with split ends 
and wc'dges at the bottom. They are to lx; placcxl in pairs opposite on 
the insid(' and outside of the track, and are to be spaced not to exceed 
eigh tec'll (IS) inches betwec'ii crentres. 

Tlu' rollers shall be of cast steel, and are to bo made solid, excepting 
only the cc'utre hole and four or more radial hole's that arc left in the 
casting for the doubles purpose of rc'ducing the weight and facilitating 
a raiiid and uniform cooling, the said holes varying in size and iiumbc'r 
with the diamc'tc'r of the rollc'r. In no erase shall the rollers be less than 
twelve (12) inches in diame'ter and sc'vc'ii (7) inche's on faere? for railway 
spans, nor Ic'ss than tc'ii (10) inclu's in diameter and six (0) inchc's on face 
for highway sjians. All rollers, and the faces of the upper and lowc'r 
tracks which are in contact with the rollers, arc. to be turned smooth to 
the forms of right frustums of cones the vc'rtic'c's of which intersect at 
the centre of the drum, so that the rollc'rs will have perfect contact with 
the tracks throughout the'ir trave*! around the entire circumfe're'iice. A 
bearing is to be turne'd in the ce'iitrc' of e'ach roller for the' radial rod; and 
oil-holc's are to bt' provide'd on both the intc'rior and the' e'xterior e*nds of 
the rollc'rs, so that these be'ariiigs can be* ke*pt we‘11 lubricated. Turne'd 
bosses must be* ])rovide‘d on l)oth the inner and the' outer ends of the 
roller, to bear against tlu' collars and the friction-washe'rs. The enitc'r 
ends of the radial rods are' to ])ass through the rollc'rs, and the inner e'lids 
are to attach to a circular ])late' fitting closc'ly around the cc'ntre coasting. 
Thc'so radial rods are to be? j)rovideel with nuts for adjusting the' position 
of the rollc'rs. Only sepiare? sc'ctions are to be? usc'd for the rods, and each 
must contain at least one? scpiare inch of sc'c'lion. The? end of tlu? rod 
passing through the rolle*r must be upsc't so as to provide' a turne'd shaft 
for the? latter at least one' and onc'-half (1)0 inclu's in dianu'ter. The 
outer ends of thc'se rods are* to pass through a stiff stc'C'l ring of rollc'd or 
built channc'l sc'ction, which is to sc'rve* as a spacer for the? rollc'rs. Thc'se 
channels must be made wide, but not deep, and the'ir sc'ciion is to be 
comme?nsurate with the size of tlu? turntable. Tlu'y are to be held away 
from the? rolle*rs by fried ion-wasluTs on the rejels. On the inside? of the 
rollc'rs cellars are to be* forgc'd and turne?d on the? radial rods to hedel the 
said rollcTs in exact position on same*. An inner spacing ring, of size 
commc'nsurate with the* magnitude* of the drum, is to be? attaclu'd to the 
radial rods. For small bridges this ring may eronsist of a single angle 
with a pair of small lug angle's rivc'te'd there?to for c*ach radial rod, ])laced 
as nc'ar the? inn<*r c'uds of the rolle*rs as practicable*. For large drums the 
arrange*me?nt slujuld be* some?what modific'd by making the iniu'r ring in 
the' form of a small curvc'd ])late*-girde'r lyijig in a horizontal plane and 
rigidly brace*d to the? centre casting by radial struts that are? rive*te'd at 
the? outer ends to the* e!urve*d girde*r and at the? inner ends to a large? cire?u- 
lar plate* which fits snugly around a turneel bearing on the centre casting. 
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With this detail the radial rods are to be shorteiK'd, and their inner (»nds 
arc^ to be attached to tlie circular girder instead of to a i)late on the' c('ntre 
casting. These rods should be not less than two and a half (2J^) inches 
square, and the journals should not be less than three (3) iiKihes in diameter. 
There must be nuts at both ends of the bars so as to move the rollers 
radially to th(5 drum; and the inner ends of the? bars an; to be; so attached 
to the (drcular i)latc as to permit of the correction of any slight variation 
of th(;ir axes from a truly radial dire(;tion. 

The centre; casting must be made strong and heavy, and must be ef- 
fectively anchon'd to the top of pier by eight (8) or more anchor-bolts 
not less than one and one-fourth (134) inches in diameter and not less 
than thn'c (3) fc'et long for railway structures nor l(‘ss than one and one- 
eighth (13^0 inche's in diam(;ter and two and one-half (23^) fi*('t long for 
highway structure's. These l)e3lts are te) be made; of soft st(;el, with he'x- 
agonal nuts at toj), anel with split emds anel we'dge's at bottom. The least 
allowable; thickness of me'tal for this casting shall be one and e)ne-half 
(13"2) inche's for railway" s])ans anel one; (1) inch for highway spans. The 
base; shall be; true and K've'l; anel an e'ven bearing shall be se'cure'd by 
})e‘dding in iic'at Portland-ce'inc'nt mortar. For he'avy elraws this ce'iitre 
e'asting is to be* set we'll into the; rnasemry, then groute'd in plae'e. All 
be'arings for plates whie*h rotate* on this casting are; to be; turneel smooth 
anel iirovided with suittible oil-grooves, so Ihe'y may be e'asily oil(*d. A 
e;ap-plate fe)r he)l(ling ele)wn the' top e*e)nne'e*tion-j)late for the raelial struts 
is to be* attache*d to the* top of the ce'iitre casting. 

The* rack for turning the span is to lie made in short sections, not e)ve'r 
four fe'e't long, se) that in case of breakage' only a small peirtion n(*e*d bo 
replaceel. The'se rae*k se'gmeiits are to be bolte*el to the lower track with 
tap-bolts not le'ss than fifte'en-sixte*e*nlhs of an ine'h in diame'ter, 

anel space*d ne)t to exeeeel fifte'e'ii (15) inches be'twe'e'ii centres. In any 
e*ase there' must Ik; e'nough of tlic'm in any one se*gme'nt of the trae*k to 
re'sist., with a geioel margin for cenitingenenes, the entire shc'ar, anel also the 
stre'sses due to the; rotating moiiu'iit ciUise'el by the te)oth pre'ssure of the 
pinion or ])inions that engage with the saiel segme'iit. The least allowable 
thickni'ss e>f metal in the rae^k shall be one anel emc'-eighth (l,\s) ine;hes. 
The enels of the; rack se'gmeiits are to be plaiu'el so as to se*e*iire' close con- 
tact, anel the al)utting e'lids are to be be)lteel toge'tlu'r with turne'd bolts 
at least seven-eighths (J4) hich in eliame'ter. The* bottom of the 

rack anel that portion e)f the lower track u])on which the rack bears are 
to be ])laneel smoeith. The Avielth of the base of the* rae*k shall be at least 
two-thirels (‘^3) eif its lu'ight; anel ribs bracing the vertical portiem to the 
liase shall be ])rovieled at elistances not excee'eling e'ighteen (18) inches. 
Drainage he)le's abemt one inch in eliameter, s]iaceel neit more than two 
(2) fe'e't be'tween centres, shall be bored in the lower-track segments, 
starting just back of the rack and leading to the outside of the 
track. 
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98. Pivot j Track, Hack, and Rollers for Centre Bearing Swing Spans 

In centre h(»aring swings, the centre pivot shall carry the entire dead 
load of the span both when swinging and when closed. This pivot shall 
bo compos('d of a cast steel base sup])orting a disc-bearing, roller-bearing 
or ball-bearing that carries the top easting on which the structural work 
is directly supported. The disc-bearing has given the best results and 
shall generally be used. The phosphor-bronze disc shall be made con- 
vex on both faces and shall li(‘ between two hardened stenJ discs which 
have curved surface's bearing on the centre disc, but of slightly larger 
radius. The? othe'r surface's of these eliscs shall be plane anel shall bear 
on the upper anel the lowe'r castings and be elowe'le'd to them so as to in- 
sure that the slieling shall take jilace on the bronze disc. An oil-tight, 
cast-steel box shall be ])laced around these eliscs and attached to the 
base casting. This box shall be' e)f substantial constructie)n with a total 
ch'arance of one-thirtj^-seconel (^y 5 i 2 ) of ioch betwee'ii the discs and 
the box. It shall be made in se'ctions anel bolted te^ge'ther so as to p(?rmit 
removal for the inspection and the re'ne?wal of the? centre disc whenever 
necessary. Semi-circular ve'rtical oil gre)e)ves of 3 2 raelius shall be 
placeel arouiiel the insieh' of the' boxing anel conne'cte'd with an oil space 
around the top. Oil holes fe'e'eling into this oil space shall be provideei 
in the top casting. The latte'r shall e'eunpletely protect this e)il space 
from dust, (?tc. Oil grooves of three-e'ighths ine*h raelius shall be cut 
in diametral lines ae*ross both faces of the centre? elisc. A hole one (1) 
inch in dijimeter shall be elrilled in all thre'e? eliscs at the? centre. This 
hole shall feed into oil gre)Oves cut on diame?tral lines across the top face 
of the base casting. Hole's shall be drilleel into this casting at the ends 
of these grooves and ta])pe'd for elrain pi])e's. The slieling contaert face's 
at the eliscs shall be pedished, whe'reas all e)th('r surfaces shall be merely 
finisheel. The base casting shall be well anchore*el to the pie'r by not less 
than eight bolts, each one anel one-half (13^) ine;he‘S in eliaiiie'ter and three 
(3) feet long. 

The circular trae?k fe)r ste'adying the span when in motion anel the 
operating rack are to be cast sc'parately in se'gments, and l^olteel together 
effective'ly so that broken rack se?gmcnts may be e'asily replae;(?d. The 
previous specifications are to govern the ele?sign of these tracks and racks, 
excc?pting that the track may be as narre)w as se?ven (7) ine?hes. Ge?ner- 
ally there are? to be six (6) or e?ight (8) trailing wheels not less than eigh- 
teen (18) inches in eliameter and six (0) inche?s face, the axles being not 
less than three (3) inch(?s in eliamete?r. The wheels are to be set in a ra- 
dial position so as to run truly on the track; and they are to be securely 
fastened in correct position. Provision shall be made for adjusting the 
rollers so that they will just clear the track when the span is swinging. 
The rollers and support shall be designed to take the reaction from a fif- 
teen (15) pound wind tending to overturn the span about the pivot. 
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99. Centre Wedges for Centre-Bearin^ Swing Spans 

When the span is closed, the live load shall be carried on the centre 
wedges. They shall not be designed to lift the trusses but merely to 
I)rovide a good, firm bearing. For this reason a flat bevel of about one 
(1) to ten (10) is desirable. Two wedges, one at each side of the pivot 
near the trusses, will geiuTally suffice. Prop(T provision shall be made for 
adjustment. Tin; wedge shall bear on an upper casting provided with 
guides engaging lips on the wc'dge. Th(\sc guides and lips shall be so 
arrangeil that th(^ wedge will be supported by the upper casting during 
the swinging of the span. The wedge shall bear on a base casting sub- 
stantially bolted to the pier. 

100. Bnd Lifts for Svnng Spans 

All swing spans shall have an arrangement to lift the ends thereof so 
as to make the sj)an continuous over the centres supports for all conditions 
of loading. Wedge^s, toggh'-joints, e(?centrics, and rollers with links may 
be used for this arrang('ment. Whatever detail is lanploj’cd, it shall b(? 
able to lift the ends to the dc'sired elevation and form a solid, substantial 
support as for fixed spans. In figuring llu' amount of movement to be 
provided for, the j)ossibility of tin; top chonrs having a temperature 30 
degrees F. gn'ater than that of the bottom chord must be duly considered. 

Wedg(vs giv(i very satisfactory supports. A\'hen used they shall move 
in th(‘ line of th(? truss(\s and b(‘ar directly undcT the same in the line of 
th(» end floor-beams. The upper surface of th(‘, W(‘dge shall be beveled 
about one (1) to five (5), and shall engage* guides in the* uppc'r bearing 
casting, which is directly attached to the truss so that the w(*dge ^vill 
be supported by the span when swinging. The low('r surface of tlu* wedg(^ 
shall be horizontal, and shall bear on the base easting that is l)olted di- 
r(*(d.ly to th(? pier. The base casting shall hav(* guides to engage the 
wedge, but these gl ides must not interfere with tlu? span while swinging. 
All surface's in contaert an; to be finished and polished. 

Wh(*re roller bearings arc employe'd, rollers are to lx* provided be- 
n(;ath the; e'nel-pins of the truss(*s and attache'el te) the span by me;ans e)f 
links which are; ope'rateel by struts attae*hed to the; pins passing through 
the re)llers. The; axe*s of the rollers shall be i)aralle'l to the* trusses aiiel 
shall be moveel during operation in a transverse directiem. The^ re)llers 
must be; be)red so as to proviele a fairly close fit ove'r the pins at the bot- 
tom of the links. Both the jiins anel the; insieles of the* re)llers must be 
finishe'd very smooth; and ])rovision must be maele fe)r oiling the bearings 
betwee'n them. No roller shall be less than six (G) inches in diameter, anel 
the pins inside of the*m shall not be less than three and one-half 
inche;s. In all draw brielgcs where, on account of infrequent operation 
combined with great changes of temperature, there is a tendency to drag 
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the rollers on tlu'ir b('jirings, the links jind nil details must be made strong 
enough to overconu^ the friction and thus allow the ends to adjust them- 
s(^lves, or else s])(»eial longitudinal roller bearings must bo provided. The 
bearings for th(' rollers shall be cupped one-i?ighth {}/Q iRch or more in 
depth so as to provide ample bearing area; and shoulders must be pro- 
vided on the shoes to furnish a sid(' bearing for the rollers when lowered 
into place. Kaeh shouldcT must Ik* maehin(*d so as to fit the roller ex- 
actly when in its final position with the end of span fully raised. The 
height of th(*se shoulders shall be about one-third (J^) of th(^ diameter 
of the roller, but never enough to interfere with the span whiles swinging. 
The shoes at each end of the span shall be connected by adjustable rods 
not less than one and one-half (IH) inches in diameter, and strong 
enough to take up the entire thrust from the operating struts. 

A toggle arrang(*m(*iit may be used, the upper end thereof being fast- 
ened to the truss by a pin, and the lower end coniu'ctcHl by another pin 
to a shoe moving in vertical guides. TIk? n'ac^tion at each corner is carried 
upward through the toggle links to the upiH*r pin and into the truss. The 
op(*rating arm is to be attachc'd at the centre of the toggle and operated 
in the plane of the truss. In connection with this apparatus a nen^t of 
segmental rollers with transverse axes may be used at the ends for cases 
in which the spans op('n v('ry iiifn'quently and when temperatun^ changes 
are great, so as to minimize* the effect of the expansion and (jontraction 
of the steelwork. Th(*se rollers shall be provided with a device for throw- 
ing them into corr(*ct vertical positions when the ends are free. Ample 
provision shall be made for adjusting the bases. 

For bob-tailed draw spans it is usually best to place the end lifts at 
the end of the long arm only. 

Proper provision for adjustment must be made in all cases. 

101. Latch for Swing Spans 

To bring the draw span to rest and i)roi)er i)osition when closing, an 
automatic lat(;h of the Pencoyd type shall be used. One shall be plac(‘d 
at the centre.* of each end floor-beam. 

102. Suspending Cables for Vertical Lift Spajis 

In vertical lift bridges the? movable span shall bcj balanced by a coun- 
terweight at each (?rid, corimKiteid to the span by wire ropes passing over 
sheaves at the; tops of tluj towers. 

These counterweight ropes shall be of plow steel, and shall consist of 
six (6) strands of nineteen (19) wir(*s each, laid around a hemp centre. 
They shall be of approved make and shall conform to the values given in 
Table 16a as to their elastic limits and ultimate strengths. The ropes 
shall be designed as noted under “Unit Stn^sses.'' They shall have as 
small side leads as possible, in no case exceeding one (1) in forty (40). 
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The stretch in the ropes due to direct load shall be figured by the 
formula, 



where S = Stretch in inches, 

L = Calculated length of rope in inches, 
D = Direct stniss in pounds, 

E = Modulus of elasticity for stretch, 

= 17,000,000, 

and a = Metallic area of rope in inches. 


The manufactured length shall be the calculated length minus the 
stretch in the ropes. The manufactured lengths of the; ropes shall not 
vary from the dimi^nsions indicated on the drawings by greater amounts 
than those given in Table 78gr. 


TABLE 7Hg 

Allowahle Vaiitations in Faiuucated Lfa'gths op Wire Ropes 


Manufactured Length 


Variations 
(+ or -) 


O-lOO' 

100 2(KV 

2(K>-;j(K)' 

300 and upward 


yr 


103. Rope Sockets 

Rope sockets shall be either open or (dosed as required. They shall 
be of the standard dimensions shown in Tables 16c and 16f/. 

104. Equalizers 

The counterwcdglit ropt's shall, as a rule, be ccmnected din'ctly to 
the steelwork on the lift-sj^an side, but on the eouiit('rweight side' they 
shall be attaclunl to equalizers, which, in turn, are attached to the coun- 
terweight. Each ecjualizcT bar shall be made ^\^tll the centn* pin btdow 
the end pins. This distance ^\^ll depend on the layout and d(‘sign of 
the bars, because no vertical links shall be used between the bars 
except to change the direction, lus not('d below. The layout of the equal- 
izers will dep(md on the type of counterwcdglit used, whether sectional or 
solid. In the sectional type four ropes shall generally be attached to c^a(di 
section, and th(5 (equalizer bars shall be plact'd jiaralhd to th(‘ axis of the 
bridge. In the solid counterweight, the upp('r (^qualizcT bars, to eaidi of 
which two roixvs are attacluHl, shall, as a ruk', be placcnl traiLsversely to 
the axis of the bridge. They shall be attached to the lower equalizer bars. 
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which run .parallel to the axis of the bridge, by criss-cross links. On the 
span side, open sockets shall generally be used; and on the counterweight 
side, closed sockets. All pins connecting the various equalizer bars shall 
have a head one-quarter (}^) inch thick on one end and a split cotter on 
the other. The pin connecting the bottom bars to the counterweight 
hanger shall have the ends threaded for liomas nuts. Provision shall be 
made for nanoving any pin connecting the sock(*ts to tlu) bars or lift span 
in case it b(‘Comes necessary to r( place a rope, and the (‘(pializcTS shall lx* 
so designed that a rop(* can be replaced without supporting the counter- 
weight. All pins in the upper equalizer bars shall be of the same size, 
viz., that us(*d for the sockets. Tlx* clearance betwec'n any two parts 
shall be gn'ater than one-half inch, which amount shall be considered 
no clearance. 

105. Tower Sheaves 

Tow(*r sheaves having a ])itch diamet(*r of thirl e(*n and a half (I. ‘1.5) 
feet and under shall be made of cast steel, and those* of greater diamet(*r 
shall be built up of structural steel with a cast-st(*el rim and hub. The* 
pitch diameter of the sheave* shall not lx* l(*ss than sixty (00) tim(*s tlx* 
diam(*ter of the ro]x*. Tlx* rop(*s shall be s])ac(*d on tlx? sh(*av(* a distance? 
apart (*qual to the diam(*t(*r of the rope plus oix*-eighth (3y) of an inerh. 
The grooves in the sh(*av(*s shall be made to fit tlx* ro]x*s. Tlx* m(*tal 
between the groove's shall be rounde'd off with the top of each ridge? from 
one-eighth (3lj) to one-quarte*r i}^) inch be*l()W the pitch line*. The? elis- 
tance from out to out of rim shall be e*eiual to the distance be*twe*e'n the 
centre's of the end ropes plus twe) (2) eliameters of tlx* re)pe*. The* e)utsiele? 
of the rim shall proje*ct one*-half (3^^) fhc eliame*te*r e)f e)ne' rope* alxive? 
the pitch line. The inne»r fae*e' e)f this lip shall make* an angle of fiftee*n 
(15) ele*gre?es with the vertical. 

Tower sheaves shall have not le'ss than eight (S) six)ke*s, whie*h may be? 
teie, cross, elliptical, e)r H in section. Each rib shall have* sunie*ie*nt are*a 
to carry the load em the* sheave, elistributexl e)vi*r a length eepial to the 
distance from centre? te) centre of spe)ke*s, aixl tej resist tlx* beneling elue? 
to the friction on the? je)urnals. In all e*ase*s whe*re* the spoke* e'emsists of 
two ribs, one at e*ach siele of the* slx'ave*, the* rim must lx* pro]x*rly sup- 
port.ed Ixitween these se*e*tions for its full wielth. It must alse) be prop(?rly 
supporteel longituelinally betwe*en the? spe)ke*s. In east she*ave?s the? hub 
diameter shall be? one* anel e*ight-tenths (1.8) time*s the eliame*te*r of the 
shaft, but shall not e*xceed the saiel elianiute'r by more? than te'n (10) inche?s. 
The hub shall have a greater le*ngth than tlx? distance from out to out 
of rim. It shall be maele to bear on the? shaft only as required on each 
side uneler the spokes. 

Structural she?ave?s shall 1)0 built up of plate?s conforming to the? out- 
line of the saiel she?ave?s, one e)r mem? being use?el at each side, supporting 
a segmental cast-steel rim and connected by cross diaphragms. The 
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plates should liavo oi)enings in them between these diaphragms. Thes(» 
plates shall bear on the shaft and shall be rc»inforecd for bearing by ad- 
ditional plates and thcj hub castings. The latter shall consist of (jircular 
discs on the outside and a spool between the webs. The inside casting 
shall extend across the journal for the full width between plates, but shall 
bear on the journal only the required amount at each side;. The webs, 
reinforcing plates, anti castings shall all be riveted up and then bored for 
the shaft. 

The rim sections shall hav(^ side flanges for connection to the side 
plates of th(‘ sheavti and cross ribs at each diaphragm. These cross ribs 
shall b(^ rivetc'd or bolted to the diaphragms. The (mtire load from the 
ropes shall be delivered from the rim to the structural part of the sheave 
by rivets or turned bolts, no reliance being placc'd on any bearing that 
may exist. All abutting surfaces shall b(‘ finislunl for perfect contact. 
Th(i grooves in th(^ rim shall not be turned until the segments have been 
assembled and rivet(Kl or bolted to th(i structural work. Drain holes shall 
b(? provided in all sheaves where water is likely to collect. 


106. Tower-Sheave Shaft 

The shaft for the sheave* shall be d(*signed for the greatest bending 
and sh(*aring stresses that may (tome on it. The* diameters of the por- 
tions in (tontact with the sh('av(* shall be gr(*atc'r than that of any other 
I)art of th(t shaft, the diamet(*r at one bearing point, and tlu* corn'spond- 
ing bore in hub nu'tal, being not h'ss than om'-sixteenth (Jig) of an inch 
largc'r than that at tin* other. The sheav(* shall hv pr(*ss(*d on the shaft, 
and not less than thr(*(t keys shall be usc'd lM*tween the sh(*ave and shaft. 
Th(*y shall be d(*signed for a shc*aring force equal to twenty (20) per c('nt 
of the total load (jn the sheave. The Ix'ariiig surface of each journal 
shall b(* of a length not l(*ss than the diamc'ter tluToof plus two inches. 
It shall b(* highly polished. Where the cross-section of the shaft chang(is, 
filli'ts shall be used. 

Ih*y(nul th(* Ix'arings the (*nds of the shaft shall lx* shoulderc*d and 
likewise fillet i*d. Wlu*n tlx* journal diameter (*xcccds (»ight (8) inches, 
a hol(*, having a diam(*t(*r equal to one-fourth (? j) that of the journals, 
shall be bored through the shaft for its entire length. Oil grooves one- 
quarter (] i) inch wide and one-half (3^0 inch di*ep shall be cut in the 
journals paralh'l to tlx* axis of the shaft. They shall lx* macihine-cut 
with the uj^per edges rounded off. Provision must be made for cleaning 
the gr(X)ves. A large w(*ll shall be bored in each end of the shaft and 
connected with the oil grooves. In case* tlx* ci'iitre of the shaft is bored 
out, the inner ends of tlx* wells shall lx* screw pluggc'd. The outer ends 
shall also be s(T(nv plugged and tapped for marine-type, screw-feed grease- 
cups of not less than one pint capacity. 
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107. Tower-Slienve Jounuil Hearings 

The journal Ix'arings shall consist of two parts, the base and the cap. 
The base shall be bolted to the steelwork with four turned bolts. The 
holes in the structural work shall be drilled to an iron templet made from 
the holes in the casting. The cap shall be bolted to the base with four 
bolts. Finished bosses shall be provided on the? eastings for the nuts and 
h(*ads of the bolts. Tlu) joints between the cap and the base shall be 
finished, and shims shall be furnished for adjustmc'iit. The base only 
shall be provided with a bushing. It shall be made of si)ecial bronze 
for high bearing pressure and low speed. Its thickness shall not be less 
than one-twelfth (^( 2 ) of the diameter of the shaft with a minimum of 
five-sixteenths (I^ig) inches. All bushings shall be securely held by the 
bases. They shall b(‘ scra])ed to fit their journals and match-marked 
for field (Tcction. When considered advisable to do so, the bronz(\s shall be 
designed so that they may b(' removed and renewcnl, if necessary. The 
caps shall be provided with eye-bolts for handling. 

108. Sheave Hoods 

The sheaves shall be protected by hoods? made of structural steel and 
attached to th(^ towers. Th('s(‘ hoods shall be formed of top and side 
plates of numb(T sixteen (16) gauge, the form<*r hvut to a radius 2" greater 
than the extreme radius of the sheave and riveted to X IJ'^" X /(e" 
angles. The side plates shall be six (6) inches wide, sufficient to protect 
the ropes from the weather. 

100. Guides for Vertical Lift Spans 

The lift span shall b(' lield in alignm(‘nt by ste(»l guides attached to 
th(‘ four corn(*rs at tlio top and the four at th(‘ bottom of the span, (en- 
gaging tracks rivetc^d to th(j front tower columns. These guid(\s shall b(^ 
of eith(T the roller or the sliding tjqie. Th(;y shali be properly attach(‘d 
to the span so as adequately to provide for all loads that may come 
on them. They shall be designed for a fift(Mai (15) pound wind load, 
except as luTcinafter provided. All guides shall have unlimited freedom 
of movement longitudinally, excepting the bottom chord guid(\s at one 
end of the span, which shall be arranged so as to fix that end. ''fhere shall 
be ample clearances between the guides and the track. Provision must 
be made for the field adjustment of the relative' i)osition8 of guides and 
tracks. Where the guide castings also adjust tin; position of the span 
either longitudinally or both longitudinally and transversely, taking the 
place of centring castings, th(5y shall be designed for a thirty (30) pound 
wind prc'ssure, also for the thrust from braked trains in the case of rail- 
road bridges. 
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110 . Centring Castings 

The lift span shall, as a rule, bc‘ brought to exact position when closed by 
means of centring castings, generally attached to the four lower corners of 
the span, which engage castings attached to the towers. The castings shall 
be arranged so as to hold one end of the span fixed and allow longitudinal 
movement of the other end. The castings shall be designed for a thirty 
(30) pound wind load on the span, and in addition those at the fixed eml 
must take the traction load in casc^ of railroad bridges. WIhtc eh'ctric 
or steam railroads pass over the structure, tlu^ span shall be (;(mtred the 
height of the rail plus one (1) inch above its lowest position. The cen- 
tring fac(?s of the c'ngaging and engaged castings shall have bevels not to 
exceed oiui (1) in twelve (12). Proper provision shall be made for adjust- 
ing the c(‘ntring castings in the field. 

In highway ])ridg('s the centring may b(^ taken can^ of by m('ans of 
the guid(' castings by flaring the track at tlu^ low(?r end. In low lifts the 
clearance in the guides may be mad(' so small that furthcT provision will 
be unnecessary for centring the span. But where tlu' lift is great and 
when a large' transverse clearance has to be provide'd in the guides on 
account of possible? irregularilie's in the guiele tracks or be'e»ause? of the; 
wiele' si)acing of trusse's, causing e'xcessive change's in length of lift-span 
end floor-l)('ams, the final transverse centring shall be' elone' by spe'cial cen- 
tring elevie;e's. These shall be attache'd to the enel floor-beams at the; centre, 
and shall be' designed for the; transverse; wind only. Especially is this 
necessary whe're' a street railway passes ove'r the bridge. Wlu're a wide 
spacing of trusses is used in railroad bridge's, the same arrangement must 
be; rese)rte'd to. The traeition le>ad in such a case' will have to be taken 
care of l)y the' centring casting or by the guiele; castings. 

The e;le'arane;e' in the ce'iitring castings shall be sue*h that the' guide; 
and rail eastings will not tenel to cc'iitre the span. One-e'ighth Q inch 
total e^learane'e eae'h. way A\dll suffice. 

(\»ntring castings shall also be provide'd on bascule spans at the 
swinging end. 


111. Rail Locks 

At each enel of all movable spans ])rovision shall be made fer making 
the track continuenis. Eoew rails shall not be use'el. In lift brielges man- 
ganese ste;e'l rail castings may be bolted te) the rails on the lift span and 
project ove;r the ope'nings on to be'arings, e'ligaging the' rails and the 
porting castings on the' fixe'il spans. A jK)rtie)n e)f the heael anel base of the 
rail shall be plan(;el e)(T on the eiutsiele' se; that the e'asting can be fitted to 
the web. The casting at its oute'r inlge' shall be one-eighth ( J^) of an inch 
higher than the; rails ove'r the opening, the top surface having a bevel 
of one (1) in twenty (20) toward the inside. The ends of the casting 
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shall be depressed below the top of th(5 rail one-quarter (J4) inch and the 
casting shall have a gradual rise from this point toward the centre. The 
same arrangement may be used on the swinging end of bascule spans and 
on the fixed span at the opposite end. A similar arrangement may also 
be used on swing spans, but the eeisthig shall be pivoted some distance 
back from the opening so that it can be raised over the rails on the fixed 
spans and thus prevent int('rf(Ten(;e in swinging. In highway spans the 
expansion plates shall be' lifted by the same operation. 

In railway spans the openings between the movable and the fixed 
s])ans shall, preferably, be' brielge'el by tongues eastings operated from the 
movable span. These shall engage the rails and tongue guides on the 
fixed spans. 


112. Span Locks and Buffers 

An arrangement for locking the span in its cle)se'el i)osition shall be^ 
used for all movable spans. It shall be of substantial and efficieait 
design. 

H^'draulic or othe'r buffe'rs of approvt'd type shall, prefe'rably, be used 
for bringing both lift and bascule spans to re'st withenit shejck, althougli, 
as some^ engineers consider it legitimates to rt'ly upon the machinery to 
ac(!omplish this result, it may not be improper to omit the; said 
buffers. 


113. Rack Pinions for Sunny Spans 

Swing spans shall lx? turned by pinions engaging the rack, the nee?- 
essary gearing being introduced between the y)ini()n and motive powe'r 
to open and close the span in the required time'. Whe're two pinienis are 
employe'el, thew shall be placeel diame'trie»ally e)i)i)e)site‘, and the te)e)th pres- 
sure's shall be equalized by eliffeTential ge'aring in the main elrive' machinery. 
Where four ])inions are? use'd, thc'y shall be placc'el diame'trically op])e)site' 
in pairs, anel the? twe) pinions of each pair shall be? placed as close toge'ther 
as prae?ticablo anel (?qualizcd \)y ge'aring. Each set of pinions shall be 
operated l^y a separate mejte)r. llie? two motors shall be operated by 
the same controller, thus equalizing the- action of the two sets of pinions. 


114. End Lift Machinery for Suying Spans 

The? (?nel lifting and locking mae?hine'ry shall have its principal re- 
duction at the ends of the span so that the line? shaft can eipe'rate at a 
high speed and light temiue. The ce'utre we*dge's in ce?ntre be'aring spans 
shall be operated at the? same time? the enel lifts are ope'rate?el. The? entire? 
me?chanism shall be? se) aeljuste?d that the ce'ntre? we'elge's will cenne? to a 
firm bearing at the? same? time that the ends of the span have been lifted 
the required amount. 
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115. Operating Ropes for Lift Span 

The lift span shall be raised and lowered by moans of operating ropes 
at each side of the span attached to drums at th(? centre and passing over 
defkicting shestves at each end of the span to the top and bottom of the 
towers. EitluT one or two ropc'S for raising and the same for lowering 
shall b(i used at each cormT, the numlwT depending on th(' for(?e required 
to move the span. These ropes shall bci fastened to th(^ drums with forged- 
steel clips. A take-up df*vic(^ attached to th(‘ towcTs shall Ix' provided at 
the ends of the operating ropes to take up any slack th(Tein. This mechan- 
ism shall consist of a turnbuckle, bolt and nut, or drum. If a drum is used, 
it shall be operated by a worm gear with th(^ worm fitted for a hand- 
turning l(;v('T. Th(', oix'rating ropes shall never be l(‘ss than three-(]uar- 
t(TS of an inch in diaiiK^ter. They shall be of six (G) strands of nine- 
teem (19) wires each, and shall conform in gcmeral to the requirements 
given for couiiterwtnght ropes. 


IIG. Operating Drums for Lift Spans 

There shall be (»ither two or four operating drums located at the sides 
of the span at the ecmtre tluTcof. For small spans two drums shall be 
used, one at each sid(‘; and they shall be groov('d so as to take the ropes 
from both ends of the span. For larger spans four drums shall be em- 
ployed, two at ('ach side. In girder spans wherci four drums are used, 
one drum shall Ix^ ])lac('d at each corner of the span. Each drum shall 
be gr(X)ved to take the ropes from tlx' corr(\sponding ('nd. The diameter 
of the drum from ctMitre to centn' of ropes shall be not l(‘ss than forty 
(40) times the diamet('r of the operating rop(», exce])t when^ a rope k'ss 
than three-quarters of an inch in diameter will figure for direct load 
and bending or when? the ratio of the ultimate strength to din^ct bend- 
ing is great (T than six (G), in which case the drum diameter may b(‘ thirtj'^ 
(30) times the diameter of tlu* rope. The distance from centre to centre 
of ropes shall ecpial the diameter of the rope plus one-sixteenth (Vie) 
inch, (^are shall lx? tak(*n to s('e that thi* holes in tlx' drums through 
which the ropes pass are large enough to ])ass both the rop(' and the mous- 
ing. The grooves in the drum shall be finislu'd to fit the rojx's, and the 
metal between the ropes shall be roundcxl o(T as in tlx' tower sheaves. 
The number of grooves shall be such that when eitlxT the up-haul or 
down-haul ropes are paycxl ofT to the extent of thc^ trav(4 of the lift span, 
these ropes will still hav(‘ one and om'-half (U 2 ) turns wrapped on the 
drum. All parts of the drum shall Ix^ of ample stnmgth to withstand 
the pull in the opc'rating ropc's. The* hub shall extend about one-half 
(/^) i^^ch beyond the outside of the drum at each end. 
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117. Deflectiiig Sheaves for Operating Ropes 

The deflecting sheaves at the ends of the span shall have the same 
diameter as the operating drums. The grooves shall be turned to fit 
the ropes, which shall be spaced from centre to centre a distance equal 
to the diameter of one rope plus one-quarter (34) inch when two ropes 
arc used. The outsitle flanges of the grooves shall extend about one and 
one-half diameters of th(' roi)e above its eentn*. The inner faces of these 
flange's shall make an angle of fifteen (15) degrees with the vertical; and 
the distance' from out to out of rim shall be' such as tei give a proper thick- 
ness of metal at the eelge's. The rims anel grooves shall be finished. 

The deflecting slu'ave' shall have not fewer than eight spokes, which may 
be* te'e, cross, or e?lliptical in section. The slu'ave shall turn em a fixeel 
shaft supported by the structural weirk. The hub shall be bronze-busheel 
and tapped for niarinei-t^’^pe, screw-feed grease-cup wth pipe extension 
screwed into the bushing. Proper provision shall Ix^ made in the bushing 
for lubrication. A small idler slu'avc' shall lie placc'd below Ihe deflect- 
ing sheave and toward tlu^ c('ntre of the span from it, to carry the ui)-haul 
rope and prevent it from leaving the deflecting sheave when slack. 

118. Supports for Operating Ropes 

Where necessary to support th(i opc'rating rojx's between the operating 
drum and the d('fl('(!tiiig sheave, or to keep the ropes off of the stcx'lwork, 
gum-wood rollc'rs shall be used. They shall be* of such diamet(T — mwer 
less than six (6) inches — that the rolh'rs will turn, pn'vc'iiting tlu^ roi)(\s 
from dragging on and cutting groove's in tlu'm. Tlic'y shall be i)lac(»d 
at as many points as necessary to supi)ort the' rope's; anel in trusse\s with 
curved top chorels the'y shall be located at each panel-point, and at inter- 
mediate points, if needed. 

119. Operating Machinery in General 

The machinery betwc'en the motors anel the operating elrum or rack 
pinion shall be as e'ompact as pe)ssible', anel shall have as fe'W reHluctie)ns 
as good eleisigning will pc'rmit. The layout shall be such as to give a 
good, economical design with as few parts as i^ossible. 

120. Operating Machinery for Swing Spans 

In a swing span the main machinery sliall be placexl at the ce'iitre of 
the span, either beJow the? fle)or, in case; the;re; is suffleient re>om for such 
an arrange;ment, or up between the trusse;s, or on the top of the latter, 
if the headway be restricted. 
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121. Operating Machinery for Lift Sjmns 

! In a lift span the machinery shall likewise be placed at the centre of 
the span either on top of the trusses or between th(;m. Where four drums 
are used, one reduction shall be installed at the drums. A single shaft 
shall (‘xtend out from the main machinery in the house with a pinion 
at the end engaging duplicate gears fastened to the drums. 

122. Gears 

All gears shall have twenty (20) degrees, involute, machine-cut teeth. 
They shall be designed by the ruh's given under “Unit Stresses," page 
1710. The sides shall be fa(;ed and the pitch lim^s scribed on both sides. 
The face width of a gear shall be from two (2) to three (3) times the 
circular pitch. The thickness of the rim shall not be h'ss than four-tenths 
( Vio) of the circular pitch plus one-quart(T (J^') inch. All gears employed 
betwcH'n th(‘ motives ])ow(t and th(‘ operating drums or rack shall have 
at l(‘ast six (6) spok('s or ('Ise solid w(‘bs; those c'mployed to drive limit 
switches, m(‘(;lianical indicators, etc;., may have four (4) spokes. The 
spok(\s may b(‘ (41ipti(;al, tee, or cross in section. They shall be figured as 
cantilever beams free at the pitch line and fixed at the hubs, each spoke 
taking its din'ct pro])ortion of the load on the tooth. The hub diameter 
shall be one and eight-tenths (1.8) times the diameter of the shaft, but 
not to ('xceed tlu; said diameter plus ten (10) inches. The hubs shall be 
fa(;ed and shall have a hmgth grcjater than the face of the gear. 

Bevel gears shall be avoided as far as possible. 

123. ITom Gears 

Worm g(‘ars ma}" be used for minor operations. The worm shall be 
below th(‘ gear and shall run in oil. It shall be made of forged or rolled 
st(‘(4, and the g(‘ar shall be of bronze. Tlie end of the worm shall bear 
on a bronze (foliar, and the shaft of the gear shall rotate in bronze bushings. 
The g(*ar shall hav(; not Ic'ss than twenty-eight (28) teeth. The threads 
on worms shall be cut, and the gear teeth must fit the worm accurately. 
A standard worm set shall prt'ferabl^^^ be used. 

124. Pinions 

Pinioas, as a rule, shall have not less than seventeen (17) teeth. Under 
certain conditions, as in the; pinion engaging the rack in draw spans, the 
use of fifteen (15) te('th may be allowTd, in which case stub teeth will 
probably have to be adopted to give swinging clearance. The face width 
of pinion shall be from two and one-half (214) to four (4) times the cir- 
cular pitch and always greater than that of the gear it engages. The 
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hubs shall be as spocifuHl for gears. (Jenorally the reduction ratio of 
the gear to the pinion shall not exceed four (4) or four and onc-half (4J^). 

125. Shafts 

All shafting shall be designed for an equivalent moment, 

M =^2^11 + J'2 + MS] 

A\’h(T(‘ Ml == Rending moment on the shaft, 
and ^^2 = Twisting moment on the same. 

A i)roper reduction shall b(' made for th(' kej^ways in determining the 
liiameter of the shaft. The minimum diameter of any shaft shall be 
two and one-half (2J^) inchc's. The unsui)ported length of shafts carry- 
ing their own weight shall not exceed 

I = 80 

and for shafts carrying gears, etc. 

I = 50 Vd*; 

where I = length of shaft betwc'cm bearings in ineh(»s, and d = diameter 
of shaft in inches. All shaft journals shall be polished. 

126. Keys 

Keys shall be designed so as to develop the full torque on the shaft. 
The width of the key shall generally be about omj-fourth of the 
diameter of the shaft, and the dei)th shall be about ('(pial to the width 
or slightly less. In all eases, howevc'r, tlu^ keys shall be designed for 
shearing and bearing within the unit stresses sp(H*ifi(Ml. "J'he l(‘ngth of 
the keys shall not be less than the length of the hub. Taper keys shall 
not be used exc(*pt in special cases; and all keys shall be fitted to the 
keyways so as to have perfect bearing on all faces. Set screws shall be 
used whcTevcr there is a possibility of sliding on the* keys. They shall 
be made safe by having tlu? heads j)rot('cted in count (Tsunk holes in the 
hubs. Where it becomes n(*cessary to remove k(*ys, the k(\vway shall 
be extended so that it will be ])ossible to drift the key from the shaft. 
Where more than one koy is employed th(\v shall be ])laced one hundred 
and tweiicy (120) degrees apart. Keys shall be placed only beneath the 
spokes. 


127. Bearings 

Bearings shall bo provid(;d for the shafting as near the points of load- 
ing as possible. As far as it is practicable to do so, the machinery shall 
be arranged in a compact unit; and a single bearing frame shall be used 
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for all the shafts in the unit. The bearings, however, shall be so laid 
out that any gear can be removed without disturbing the other gears. 
Where bevel gears arc employed, the bearings for each set shall be in 
one piece. Single bearings shall be provided at all points where it is 
necessary to support the shaft in accordance with the rules given for un- 
supported length. All bearings shall be split bearings with finished joints; 
and shims shall be provided between the cap and the base for adjustment. 
The caps for large bearings shall be bolted to the bases with four turned 
bolts, and for small bearings with two such bolts. Finished bosses shall 
be provided for the bearing of all nuts and heads of bolts. The bolt holes 
shall be drilled. In large bearings the caps shall be provided with eye- 
bolts for handling. Bearings shall be bolted to the st(»elwork with turned 
bolts having a driving fit. The bearings shall be assembled on the steel- 
work at the shop and the holes drilled while they are thus assembled, 
where it is jwssible to do so. When this cannot be done, they shall be 
drilled to an iron templet in both the casting and the steelwork. 

128. Ihishings 

All bearings, unless specially not('d other\vise, shall have bronze bush- 
ings, the thickness of which shall be one-twelfth C 112 ) of the diameter 
of the journal. They shall be split at the juncture of thc^ cap and the 
base castings, and shall be lu'ld against turning by the shims between 
these. The bushings shall b(j grooved for lubrication, and the grooves 
shall be of such de]^th as to i)ei7nit ch'aning. If possible', all bushings 
shall be so desigiu'd as to i)crmit reiu'wals. Bushings shall be scraped to 
fit the journals. Eff('(dive lubrication of journals shall be provided. 
Screw-feed grease-cups shall generally be used. 

129. Couplings 

Shaft couplings shall be of the claw or flange typo. In general claw 
cou]dings shall be used, especially where the shaft runs from the centre 
of the span to the ends, or where deflections of the structural work would 
have a tendency to bend and bind the shafting. The two claws forming 
the coupling shall be finisheil for a close but not a tight fit. In flange 
couplings the two i)arts shall be connected by turnc'd bolts with a ilriving 
fit. Flanges shall be shrouded so that the i)roj('cting heads of bolts may 
not be a source of danger. Th(' hubs of couplings shall be one and eight- 
tenths (1.8) times the diameter of the' shaft, but shall not exceed the said 
diameter plus ten (10) inchc's. The length of th(' hub shall be governed 
by the length of the key, but must never be less than the diameter of the 
shaft. All couplings shall be designed for the strength of the shafting 
they connect; and, in general, they shall conform to the dimensions in 
terms of “d,'' the diameter of the shaft, given in Figs. 786 and 78c. 
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130. Collars 

Collars shall be employed where it is necessary to keep the shaft from 
moving horizontally. Two set-screws spaced one hundred and twenty 
(120) degrees apart shall be used in each collar. 



FicJ. 7S6. J:iw Coupling. 
JJ25dH\U25dH: 



^Ow. of 
n- no. of bolts 

Fio. 7Sc. FlaiiRo CoupliiiK. 

131. Fricflon Clutches 

Friction clutches of an api)roved standard make shall be employed 
where internal combustion motors form tin* motive power. Tiny shall 
be of substantial construction and shall b(^ capabh? of developing the 
maximum torque of the motor. (S<h; also Paragraph 92.) 

132. ficrews 

Screws which transmit motion shall have sejuare threads. 

133. Levers 

Levers used in performing the various operations shall be; located so 
as to be convenient for the operator. They shall generally extend about 
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five (5) feet above the floor, and shall be arranged to pull toward the 
operator. Latch Icvcts shall be used where it is neccssaiy for the lever 
to be held in more than one set position. 

134. Turned Bolts 

Turned bolts shall be employed where a shearing action exists, and 
their diameter shall be such as to provide for a driving fit in the holes. 
The diameter of the thread(;d portion shall be at least one-sixteenth 
of an inch smaller than that of the shank of the bolt. All threads shall 
be U. S. standard V-threads. Unless specially noted to the contrary, all 
bolts shall have standard hexagonal lu^ads and nuts. Ijock-nuts shall 
be provided wheni thcTC is any likelihood of the nuts becoming loose due 
to vibration or other causes. Cotters should be used through nuts when 
it is necessary to hold the latter in a permanent position. Washers shall 
be providcKl for all nuts; and whore the latter bear on inclined surfaces, 
special bevelled washers shall be used. Washers shall also be provided 
where the bolts bear on w’ood. Bolt heads countersunk in castings shall 
be square. Wrench(\s shall be provided for all sizes of bolts; and these 
shall be ]:)art of the Of)erating equipment. 

135. Tap-Bolts 

Tap-bolts shall not be used except by special written permission of 
the Engine(T. 

136. Dust Covers 

Dust covers and safety guards shall be provided for all machinery. 

137. Shims and Drainage Holes 

All ma(!hin(?r>^, excei)ting only parts of minor importance, shall be 
supported on anti bolted to the steelwork. Shims shall bt? provided where 
n(?(!(\ssary for aligning and adjusting the machinery, and they shall vary 
in thickiK'ss by sixtec'iiths of an inch as required. 

Drainage holes of appro])riate sizt's shall be providi‘d in all machinery 
parts where it is possible for water to collect and stand. 

138. Haml-Operaling Levers 

Hand-operating levers shall be located for easy access and operation. 
The end lifting mechanism of swing spans shall be capable of being turned 
from the ends as well as from the centn' of the span. As many levers 
shall be provided for the vertical shaft as arc required to perform the 
necessary operation. They shall be about four and a half (4.5) feet above 
the floor. These hwers shall be* either of timber or of 'wrought-iron pipe, 
and shall be easily removable from the shaft. In cases where it is nec- 
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c'ssary to remove the latter, it shall have a sciuarc socket at the lower end 
to (mgag(; a square; shank on the driving shaft. In highway bridges the 
said shaft shall be protected by a suitable cover in the floor. 


139. Counterweights 

In bob-tailed draw spans the short arm must b(' counterweighted so 
as to balance the; long arm. 'fhe counterweights shall be of either con- 
crete or cast iron placed beneath the floor near the end of the short arm. 

In lift spans the counterweight shall consist of ('ither one or several 
concrete blocks at (»ach end of the span. Th(‘S(; blocks shall be cast in 
wooden forms on to a steel framework. The framework shall be sus- 
pended from the equalizers by ej'C'-bars. This fraiiK'work shall l)e so de- 
signed that when suspended from the hangcTs it will carry the W('ight of 
a block of concrete necessary to form a reinforccnl beam of such a si'ctioii 
that it will support the remaining concrc'te placcnl above it. Where sev- 
eral vertical sections, or what is known as the s(‘(;tional type*, are us(*d, a 
space of not less than two (2) inches shall lx* h'ft hetw('en the s(*ctions. 
The upper ends of the s(*ctions shall be separat(*d by links that connect 
to the bottom equalizer pins; and guides shall lx* attached n(*ar the low(*r 
ends so as to hold the sections together in a transv(*rs(; direction. 

The counterweights shall be made five (o) per cent lighter than the 
figured weight to be balanced; and balancing blocks to tlu; extent of tc'n 
(10) per cent of the figured weight shall be provid(‘d for adjustment. 
These blocks shall b(; made so as to be easily handl(*d by two m(;n, usually 
about one (1) f(X)t on each edge. They shall be i)rovid(‘d with (*y(;-bolts 
of ample size for ins(;rting a hook for handling. Th(*s(; bolts shall gc;ner- 
ally be made of thn*(*-ciuarters 0:i) inch rods, and shall have an (*y(* of 
two (2) inch(*s inside diainet(;r. The blocks shall be plac(*d in wells at 
the top of the counterweight and no blocks shall project above; the tops 
of tin; sjiid wells. 

The counterweight shall be guided at the inside face; by substeintial 
guides fastened to the; steel frame or the coneTcte anel e*ngaging w'ith tracks 
attached to the insiele of the longituelinal towe?r bracing. Ample clear- 
ance shall be provided in tin; guidc*s so that they will not binel as the coun- 
te;rweight changes its position in moving up and elown. 

The counterweight shall clear the floor by not less than three (3) fe*(*t 
when the span has reacheel its normal lift. In determining this distance; 
the figured length of the roi)es shall be increased by one (1) per cent for 
stretch in the ropes due to wear, etc. A cl(*arancc of not less than two 
(2) inches shall be provided between the counterw(*ight and the ste<*lwork 
of the tower. 

Where it is advisable to provide for a possible; future shiftkig of the 
river channel, necessitating a change in the location of the lift span, sec- 
tional counterweights formed of pre-cast blocks shall be used. The bot- 
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tom block shall be designed to (!arry the upper blocks, which shall be of* 
such a size that th(^y can be rciadily handled with the ofiuipment that is 
likely to be available, the heaviest ones weighing in most cases not over 
two tons each. Their length shall generally be greater than their hc*ight, 
and their width about the same as that of the bottom block; and they 
shall have their inner contact surfaces beveled so as to produce? a wedging 
effect when placed in position, thus assuring a tight fit. The blocks shall 
be provided with ample U-bolts for handling. Provision for adjusting 
the weight shall be made in the same manner as for solid counterweights. 
This same type; of countcrw(?ight shall be adopted where it is desirable to 
cast the blocks on the ground and hoist them into place, even though the 
span be not designed for shifting in the future. 

The counterweight shall be made of either stone or slag concrete. 
As a rule, stone concrete shall be used. It shall be assumed to weigh 
one hundred and forty-seven (147) pounds per cubic foot, exclusive of the 
steel. Slag concrete shall be assumed to weigh one hundrc'd and seventy 
(170) pounds per cubic foot. In every case the approximate weight of 
the concrete to be used shall be ascertained before designing the counter- 
weight. 

In bascule spans the counterweight shall be of either concrete or 
cast iron, depending on the type of bescule under consideration. The 
concrete counterweights may he. attached rigidly to the steelwork, or 
pivoted, depending, as before, on the type adopted. 

140. Machinenj House 

In swing bridges and vertical lift bridges the machinery house shall 
usually be placed at th(? centre of the span, and in bascuh? bridges when? 
most convenient, depending on the type of bascule adopted. The house 
shall generally be of fireproof construction, although in certain cases,’ 
where the danger from fire is very remote or where the money available? 
for the structure is small, timber construction may be employed. The 
fireproof construction shall consist of a steel framework and floor system 
with the walls and floor of concrete, steel plates, or other non-combustible 
materials. In the timber construction steel floor-beams shall be used. 

The house shall be of such size that there will be ample room for the 
machinery, work-bench, stove, and chair, and to provide easy access to 
all parts of the said machinery. Wherever shafts are located above the 
the floor, stiles shall be provided for crossing over them. The house 
shall contain ample window space so as to provide as much light as pos-- 
sible as well as to permit the operator to watch the traffic on both the 
bridge and the river. The windows shall be of a single pane in each sash. 
The house shall be made weatherproof; and where gears or other machinery 
project below the floor, the openings thus made shall be boxed in. In 
cold climates, especially when the operator lias to remain within it con- 
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tinually, the house shall be heated. The heating may be done by stoves 
or by electric heaters. The roof of the house shall be properly drained, 
with down-spouts leading to the sides of the span. A convenient plat- 
form shall be placed outside of the house for storing supplies, etc. When 
the capstan for hand operation is outside of the house, the platform shall 
be made amply large to permit the men to operate it. It shall be of the 
same construction as the floor of the house. 

Where the structure is of sufficient importance to warrant its instal- 
lation, a five (5) ton crane ruiming on tracks at the sides of the house 
shall be provided in the house. 

141. Walkways and Stairs 

Stairs shall be provided for access to both the operator’s house and 
the machinery house, and walkways for access to all machinery outside 
of the latter. 


142. Operator’s House 

In case the operator is not located in the machinery house, the oper- 
ator’s house shall be so placed that he can have an unobstructi'd vi('\v in 
all directions of tin; traffic on both the bridge? and the river. l'h(‘ house* 
shall be of the same construction as that describe*d for the machine*ry 
house; and it shall be of ample size to accomme)eIate the* oi)e*rator, anel 
the controllers, levers, switchboard, indicator, stove, chair, anel oth(*r 
equipment needed by him. The house shall be provided with ample? 
window space. 


143. Gales 

Gates of substantial design shall be furnished anel orecteel at the ends 
of all movable bridges for highway traffic. They shall be of n(*at ele;sign 
and built of structural shapes. There shall be four (4) gates, two at e^aejli 
end, swinging on pivots ne?ar the trusses. 'Jliey shall be so arrangeel that 
two of the gates can be closed to the oncoming traffic and the other twe> 
closed after the movable span has been cleared of all passengers. The? 
gates shall be controlled cither by the o])erator or by gate tenders sp(*cially 
provided for the purpose. The gates shall be equipped with some form 
of lock or stop to hold them in both the closed and the open positions. 

144. Gate Tender's House 

Gate tenders’ houses shall be furnished one at each end of the span 
for the convenience of the gate tender. They shall be of neat construc- 
tion so as to conform to the general surroundings of the structure. They 
shall be of timber or, preferably, concrete construction, and shall be 
provided with stove and chair. 
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145. Boat Indicator 

On one leg of the tower, on both the upstream and the downstream 
sides, and extending down on the pier to low water level, a gauge shall 
be painted in large figures for the convenience of the river traffic. An 
indicator at the low(;st point of steel of the lift span shall show to the 
occupants of passing vessels the height on the gauge to which the span 
has been lifted. By noting the gauge reading at the water level one can 
ascertain readily the height of the span above the water. 
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Plate-Girder Railway Si)ans, Details 

of Design for 06 

Plate-Girder Swing Spans, Special 
Details of Design for ... . 78 

Pony-Truss Bridges 22 

Portal Bracing 25, 20 

Power . 8(5-89 

Power Equipment lK)-92 

Principles m Designing, General . 62 

Provision Agaiii.^t Excjessive Dc?- 


flcction 09 

Rack for Centre - Bearing Swing 

Spans 98 

Rack for Rim-Bearing Swing Spans 97 

Rack Pinions for Swing Spans . . 113 

Rail Tjocks Ill 

Railw'ay Bridge f^loors .... 5 

Railway Bridges, Clc*arances for . . 16 

Railway Bridges, Forms of Trusses 

for 23 

Railway Bridges for Various Span 

T^engths, Stylcss for 21 

Railway Bridges, General Limits in 

Designing 59 

Railway Bridges, Live Loads for . 36 


TOPIC CLAUSE NUMBER 

Rjlilway Bridges, Jjoads for . . . 34 

Railway Bridges, Spacing of Trusses 

in 15 

Railway Bridges, Styles of ... 21 

Railw'ay Bridges, Wind Loads for . 41 

Railway Pin-Connected 'Fruss Spans, 
Details of Design for .... 73 

Railway Plate-Ginlor Spans, IX*- 


tails of Design for 66 

Rjiihvay Riveted-Truss Spans, De- 
tails of Design for 71 

Riiihvay Spans, Details of Design for 

Rolled I-Beam 64 

Riiilw'ay Tracks, Street .... 10 

Rtiilway 'rrestles 28 

Raihvay Trestles and h'levatiMl Rail- 
roads, Details of D(*sign for . . 75 

Railway Truss-Bridges, Main Mem- 
bers of 25 

ReinforccMi Concrete Beams and 
Slabs, Compression and Shear in . 50 

Re-railing Apparatus 13 

Reversing Strc«si*s 51 

Rim-Bearing Draw'-spans, C^entre 
Casting for and Details of . 81, 97 

Rivel(»d-Girdc‘r Spans, Details of 

Design for 70 

Riveted-Truss Highway Spans, Dtv 

tails of Design for 72 

Riveted-Truss Railway Spans, Dev 

tails of Design for 71 

Riveting 03 

Rolled I-Beam Iliglnvay Spans, De- 
tails of Design for 65 

Rolled I-Bc»am Railway Spans, Div 

tails of D(;sign for 04 

Roller Bearings 1(K) 

Rollers for Cent n* - Bearing Sw ing 

Spans 98 

Rollers for Rim - Bearing Swing 

Sf)ans 97 

Rope ScK'kets 96, 103 

Hopes, (Counterweight 102 

Ropes, Operating, for Lift Spans . 115 

S(!rews 132 

Section, Net 53 

Shaft for Tower Sheaves . . . . 1(K5 

Shafts 125 

Shear in Reinforced Concrete Beams 

and Slabs 50 

Shears on Pins 55 

Sheave Bearings 107 

Sheave Hoods , 108 
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TOPIC CLAUSE NUMBER 

Sheaves for Operating Ropes, De- 
flecting 117 

Sheaves for Tower 105 

Sheave Shafts 106 

Shims 137 

Sidewalks, Exterior 37 

Signals 91 

Skew Bridges, Floors of ... . 8 

Smoke Protection 61 

Sockets, Rope 103 

Solenoid Brakes 91 

Spacing of Stringers and Girders 

in Railway Bridges 14 

Spacing of Tracks 18 

Spacing of Trusses in Railway 

Bridges 15 

Span Locks 112 

Special Details of Design for Plate- 
( Jirder Swing Spans .... 78 

Special Details of Design for 'Fnisses 

of Swing Spans 79 

Stairs 141 

Slay Plates 71 

Steel, Unit Stresses for .... 48 

Stiffeners, Web 66 

StnH»t-Railway Tracks .... 10 

St re.s.ses, Combinations of . . . 56 

Stre.sses. Intensities of Working . 48 

Strc'sses, Reversing 51 

Stresses, Unit 48 

Stresses, Unit , for Machinery . . 96 

Stretch in Ropes 102 

Stringer Proport ionment .... 71 

Stringers 71 

Stringers, Spacing of 14 

Structural Suj)ports for Machinery . 85 

Styles of lligliway Bridges for Va- 
rious Span Lengt hs 22 

Styles of Railway Bridges for \'a- 

rious Span Lemgths 21 

Suiicndevat ion on Curves ... 12 

Supply Cables 91 

Support ing Ginlers for Cent rc*-Bear- 

ing Swing Spans 82 

Supports for Machinery .... 85 

Supports for Operat ing Ropers . . 118 

Suspending Cables for Vertical Lift 

Spans 102 

Sway Bracing 25 

Swing Span Anchorage .... 81 

Swing Spans 77 

Swing Spans, Camber and Defleo 
tion for SO 


TOPIC CLAUSE NUMBER 

Swing Spans, Centre-Bearing, Sup- 
porting Girders for 82 

Swing Spans, Details of Design for 

Trusses of 79 

Swing Spans, Details of Drum and 
Jx)ading Girders for Rim-Bearing 81 
Swing Spans, End Lift Machinery 


for 114 

Swing Spans, End Lifts for ... 100 

Swing Spans, Latch for .... 101 

Swing Spans, Loiids for .... 77 

Swing Spans, Operating Machinery 

for 120 

Swing Spans, Plate-Girder, Details 
of Design for 78 


Swing Spans, Power for .... 87 

Swing Spans, Rack Pinions for . . 113 
Swing Spans, Rim-Bearing, Track, 

Rack, Rollers, and (Centre (lasting 97 
Swing Spans, Trusses of. Details of 


Design for 78 

Swing Spans, Wedges for . . . 99, 1(X) 

Switchboard 91 

Switches 91 

Tap Bolts 135 

Tempera tun*, lOfTects of Changes of 47 

Tie-Plates 5,71 

Ties, Timber 5 

Timber Anchorages 28 

Timber Bridge I'loors 5 

Timber Moors 9 ' 

Timber, Intensities of Working 

Stresses for 48 

Timber Portions 4 

Timber I'ies 5 

Toggle 1(K) 

Tower Sheave Journal Bearings . . 107 

Tower-Sheave Shaft 106 

Tower Sheaves 105 

I'rack for Centre - Bearing Swing 

Spans 98 

Track for Rim-B(»aring Swing Spans 97 

Track, Rack, Rollers, and Centre 
Casting for Rim-Bearing Draw'- 

Spans 97 

Tnic’ks, Spacing of 18 . 

Traerks, Street Railway .... 10 

Traction Ix)iul 45 

Transferred Wind Load 43 

Trestles, Highway 29, 76 

Trestles, Railway 28, 75 

Trough Floors 7 


Truss Bridges, Main Members of 25, 26 
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TOPIC CLAUSE NUMBER 

Trusses for Highway Bridges, Forms 

of 24 

Thisscs for Railway Bridges, Forms 

of 23 

Trusses ill Railway Bridges, Spacing 

of 15 

Trusses of Swing Spans, Sjiecial De- 
tails of Design for 79 

Truss Spans, Highway Pin-Con- 
nccted, Details of Design for . . 74 

Truss Spans, Highway Riveted, De- 
tails of Design for 72 

Truss Spans, Rjiilway Pin-Connected, 

Details of Design for 73 

Truas Spans/ Railway Riveted, De- 
tails of Design for 71 

Turned Bolts 134 

Unit Stro&ses 4S 

Unit Stresses for Machinery ... 96 


Uplift Ix)ads 


40 


Vertical Lift Span, Guides for . . 109 


Vertical Lift Spans 


83 


TOPIC CLAUSE NUMBER 

Vertical Lift Spans, Suspending 

Cables for 102 

Viaducts, Highway, Details of De- 
sign for 76 

Vibration Ixiad 44 

Walkways and Stairs 141 

Wearing Floor 9 

Web-Stiffeners 66 

Wedges 99, 100 

Weight of Member, Bending due to 58 

Wheel Guards 9 

Wind Load, Indirect or TransfiTred 43 
Wind Ixiads for Highway Bridges . 42 

Wind Loads for Railway Bridges . 41 

Wiring 91 

Wire Ropes 102 

Woodim Hand-Rails 9 

Working Stresses, Intensities of . 48 

Working St r(»sses on Timber, Inten- 
sities for 48 

Worm Gears 123 



CHAPTER LXXIX 


GENERAL SPECIFICATIONS GOVERNING THE MANUFACTURE AND ERECTION 
OP THE SUPEltSTRUCTURE, SUBSTRUCTURE, APPROACHES, AND ALL 
ACCESSORY WORKS OF BRIDGES, TRESTLES, VIADUCTS, AND ELEVATED 
RAILROADS 

Some five years or more ago, in order to be prepared for any case of 
contract letting that might arise, the author undertook to draft for his 
firm seven sets of sp(^cification forms for the use of the offic(‘ so as to enable 
the principal assistant engineers to aid in writing spc'cifications for the 
current work; because uj) to that time all such documents had been prc- 
panKl personally by one or other of the two members of the firm, and the 
task had become almost unbearably om'rous in view of th(» fact that the 
bridgework under way in both office and fhdd amounted in value at 
times to twelve and even fifteen millions of dollars. The seven sets of 
siiecifieations mentioned were the following: 

1. Manufacture of Superstructure Metal. 

2. Manufacture and Erection of Superstructure. 

3. Substructure. 

4. Substructure and Erection of Superstructure. 

5. Substructure, Manufacture of Metalwork, and Erection of Super- 
structure. 

6. Erection of Superstructure. 

7. Reinforced CoiicTctc Structures. 

After all theses were finished, their mass (involving many hundreds of 
typewritten pages) was so appalling that it was decided to combiiu? them 
into one document. In making the combination it was the intention to 
cover cv(?ry feature of bridge building that had ever occurred or would 
be likely to occur in the firm’s practice, including substructme, super- 
structure, ap]iroaches, and accessory w’^orks. This was done by the 
author personally; and from time to time he has sinc(^ added a few 
clauses bearing upon questions that have arisen in the firm’s ojx'rations. 
The final compilation is. herewith presented in the hope that the reader 
may be able to use it in exactly the same maniKT as did the few of the. 
firm’s assistant engineers who were entrusted with the duty of specifica- 
tion writing. 

It will be noticed that some of the clauses are complete and perma- 
nent. These are marked ‘‘P.” Some are variable and are marked ‘‘V,” 
and others are incomplete and are marked '*1.” In the case of each 
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“variable” clause, instructions arc given as to how it is to be prepared 
for any particular case (or, in other words, there is drafted a general 
description of what the clause should contain), followed by an actual 
example taken from the author’s practice to illustrate the application of 
the directions. The “incomplete” items require only that the blank 
spaces be filled in so as to make them complete. In some of the clauses 
certain words appear in bold-faced type; and these words may have to 
be omitted or modified in many cases. This remark does not apply to 
the words Contractor, Engineer, etc., in the Contract. 

The order in which the various items an^ listed is about as logical in 
respc'ct to continuity as it could be made, (‘aeli item in some manner sug- 
gesting the one that follows, and the directions concerning the entire work 
specified being groupc'd to a certain extent in chronological sequ(‘nce. 

To use the form in preparing the specifications for building either the 
whole or any part of any i)articular bridge, om^ should Ix'gin at the first 
item and go through the entire list to the end, drafting th(‘ sj)ecial items, 
filling out the incomi)lete ones and copying the pcTmanent one's ve'rbatim, 
omitting, howe'ver, all those which are not a])i)licable to the case^ in hand. 
By so doing the writer Avill ensure that nothing of any importaneu' is omit- 
ted, that his clauses are in fair sc'quence, that then' are no duplications, and 
that his resulting specifications will cover the whole subject thoroughly 
and satisfactorily, provided, of course, that he has had the experience 
and possesses the ability necessary to do such important work as tluj 
WTiting of bridge sjx'cifications. 

At the end of this chapt(*r is given an ali)habeti(ral index of the various 
clauses which it contains, referring to them by thc'ir numb(*rs. This is 
inserted for the convenience of any reatk'r who may desin^ to use the 
chapter in the preparation of sonu; particular bridge spc'cification. In 
addition, however, tin* contents of the chapt('r are covered in detail by 
the general “Index” at the ('iid of the second volume of the treatise. 

After the manuscript of this chapt(T was finished and brought up to 
date, the author’s attention was calk'd to th(^ paving specifications of the 
American Society of Municipal Imj)rov(*m(xits for 1914; and being con- 
vinced that th(Te exists no higtier authority on pavemc'nts than that so- 
ciety, he decided to modify C(»rtain of his paving standards so as to agree 
with its requirements, quoting in certain places therefrom nearly verbatim 
and making but few modifications. 

Specifications 
V. 1. Loaition 

This clause should give for each structure the name of the stream, 
street, railroad, etc., to be crossed and th(5 name of the city (or town) 
in (or near) which it is located; also the county and the State. If it be 
located in a country district, give the name of the nearest important 
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railway station and stato how far distant it is, also in what direction 
therefrom the site lies. If the structure be a railroad bridge, give the name 
of the railroad company; but, if not, state for whom it is to be built. 
State whether the bridge is to replace an existing one, and, if so, who 
will remove the old structure, and when. If it be a city bridge, state the 
name of the street it is to occupy. 

Example 

The two bridges an* about nine miles apart on the extension of the 
line of the Louisiana and Arkansas Railway in (Jatahoula and Concordia 
Parish(‘s, Louisiana. The n(‘arcst railroad station at i)resent is Black 
River Station, on the line of the St. Louis, Iron Motintain, and Southern 
Railway. The bridge ov(t IMack River is about onci mile downstream, 
and that over Little River about ten miles upstream from this station. 

V. 2. General DescrijJiion 

For the superstructure there are two tj'pes of general description to 
be (‘inploycd, viz.: 

A. AVhen complete* detail drawings accompany the specifications, and 

B. When bids are called for in advance of the i)reparation of the 

complete detail drawings, in which case either special typical 
show drawings are prepared or old drawings of somewhat sim- 
ilar structures are offenxl as samples or guides to bidders in 
the determination of schedule prices for their tenders. 

In ‘‘Type very few dim(*nsions should be given in the specification. 
All that are necessary are the ruling ones, such as span lengths and per- 
pendicular distances between central planes of trusses, or clear widths of 
roadways and sidewalks. No minor dimensions, such as sizes of stringers, 
W(*ight or dimensions of handrails, or sizes of guards, should be given; 
for thvac, can be obtained from the drawings. All descriptions, such, for 
instance, as those of operating machinery, should be very brief; but they 
should be ample enough to give the reader a clear idea of what the part 
d(?scribed is like. This clause should indicate in a general way the char- 
acteristics of the construction. 

In “Type B’^ the description should be gone into in ver}^ thorough 
detail, giving the number and sizes of all important parts, but taking care 
to indicate that the dimensions are either merely' a])i)roxiinate or subject 
to change; in order that later, if modifications be desired, no reasonable 
objection to their being made can be raised by the contractor. Each 
kind of span in the design should be described separately, giving its length, 
the character of the construction (whether riveted or pin-connected), the 
number and lengths of panels, the truss d(‘pth, the per])endicular disiance 
between central planes of trusses, the number, kind, and sizes of stringers 
or steel joists, the method of providing for expansion and contraction, the 
style of bracing in towers, the method of attaching longitudinal girders 
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to column tops, etc., referring, whercver practicable, to the accompanying 
drawing that illustrates the feature described. The hand-rails should be 
described fully; and in connection with them it is well to indicate that 
they are to be furnished at the same average price as th(? rest of the super- 
structure m(‘tal, in order to forestall a possible demand from the con- 
tractor for a higher schedule price, on the plea that it is customary to pay 
extra for metal hand-rails. In case therc^ arc any gates for shutting off 
travel when the moving sj)an is to be opcaied, they and th(4r operation 
should be fully described in this clause? so as to avoid having to treat the 
same anywhen? else in the specifications. 

The machinery should receive particular attention, especially as it is 
likely to be different in many ways from the machinery used for illustration. 
It should be described systematically in all its parts and connections, and 
the horsepower should be stated within fairly close limits, bids for the 
motors, etc., being taken i)er horsepower. If hand-power operation is to 
be provided in addition to mechanical power, this should be point(?d out. 

In case of a lift span or other movable span of novel or unusual type, 
a complete description of its construction and mode of operation should 
be given. 

The machinery house or houses should be described in detail, so that 
bidders can tender intelligently thereon eithcT by lump sum or by schoduh? 
rates, according to whichever method of receiving bids on this part of the 
work has been dt'cided upon by the Engineers. 

In case that th(‘ structure is arrangcnl for future widening or for the 
addition of roadways or sidewalks outside of the truss(?s, this should be 
pointed out and the methoil of future attachment d(*scribed. This re-- 
mark appli(?s equally to both type's of spe'ejificatiems. 

The flooring or pavement of both the main roaelweiy anel the side'walks, 
the guard angles, the* system of lighting the structure, the elrainage? e)f the? 
pavement, the? i)rovisiori for e'xpansiem anel contraction, the? pre)tectie)n of 
column feet of viaducts by cast-iron fenders filled with ce)ncrete? or grout- 
ing, the railway rails with their splice-bars, bolts, tie?-i)late's, ties, and 
spikes, the trolley pe)les and wiring, and the timber, both treated and 
untreated, shoulel be fully describeel. 

If the contract is to cover the? approaches to the? bridge, the'se? also shemld 
be accurately deseiribed in comple?tc detail, omitting no feature? of any im- 
portance. Ordinarily, if the approaches be? of timber, they will pertain 
to the superstructure contract, but if of concrete walls and earth filling, 
they will pertain to the substructure contract. 

For the substructure of bridges this clause should cover the construc- 
tion in the following orde?r: 

First. Layout of spans and piers, referring to the accompanying 
drawings. 

Second. Character of the materials to be penetrated and the foun- 
dations to be reached. 
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Third. Method of sinking cribs or caissons. 

Fourth. Characteristics of piers, pedestals, and abutments. 

Fifth. Earth embankments or filling, if the same be included in the 
contract. 

Sixth. All characteristics and special features of the crossing not 
specifically treated in other claus(?s. 

For reinforced concrete bridges the directions are the same as for sub- 
structure, except that the fourth item thc^reof should read thus: 

Fourth. Characteristics of spans, arches, piers, abutments, hand-rails, 
pavements, guards, sidciwalks, cross-walls, ornamentation,- drainage, pro- 
vision for (?xpansion and contraction, railway rails (with their splice-bars, 
bolts, tie-bolts, ties and spikes), lighting, and trolley. 

In giving the data for substructure, if any thereof have to be verified 
by bidilcTs, attention should be called as to which itemis of information 
are and which are not to be verified. For instance*, it would not be right 
te) ask bielelers to check the re*sults of the l)orings; but it w'ould be peT- 
fectly prope*r te) place on the'in the onus of ve*rifie*ation of the^ lewatiems e)f 
sanel anel gravel beds, the epialitie's e)f the* materials to be* femnel therein, 
the length of haul and the ceindition of the* roaels, the* availability of suitable 
stone for rii>rap, anel similar informatiem given in the specifications. 

It must be borne? in mind that the more complete* the? data submitted 
to bidelers, the more? accurately the*y can make their estimates, and the 
lower, consequently, will pro])ably be their tenders. 

Example for Superstructure 

The brielge over the Rlaerk River is to consist of five (5) through-truss, 
rivete*el, single?-track, railway spans, each one hundred and sixty-five* (165) 
fee?t long, supporte*el on six (6) pie*rs. One* of these* spans is arrange*el te) 
be lifteel be*twe'e'n twe) towe*rs, support(*d on the two aeljacent spans, to a 
height sufficient to allow for the passage? of river traffic. The lifting span 
will be? sus])endi'el l)y eight (8) wire ropes at each corner, whie*h pass up 
and ove'r slu'aves at the toi)s of the towers anel are connecte*d to two (2) 
counterweights of ceme-rete and ste*e'l, exactly balancing the* span. The 
ope*rating machinery, whierh is e'arrie*ei on top of the lifting span at the 
centre*, consists of four s]iirally-gre)ove'el elrums, actuateel through trains 
of gears by gasoline e*ngine. Each elrum contre)ls twe) oi>e*rating ropes; 
the one at the top leads ove*r a sheave at the corner of the si)an, thence 
downwarel, and is fastened near the bottom e)f the* towe*r; the one from 
the bottom of the elrum leads uneler the same she*ave at the comer of the 
span, thence upward, anel is fiiste*ned at the te)p of the tower. All four 
drums are similarly conn(?cted, and whe*n they are re*volveel in one direc- 
tion the re)pes le?iuling to the? tops of the te)we'rs are* wound on, anel the^se 
connected to the bottoms of the towers are? i)ayed off, thus raising the 
span by the lifting force exerted on the corner sheaves. Reversal of di- 
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rcction of revolution of the drums lowers the span. Brakes with auto- 
matic stops control the movement of the span, and a hand brake is pro- 
vided for manual control. The span may also be operated by hand in 
case of emergency. 

The bridge over the Little River is to consist of threes through-truss, 
riveted, single-track, railway spans, each 118 feet long, supported on four 
piers. One of these spans is likewise arranged to be lifted between two 
towers support('d on the other two spans. This lifting span is supported 
and op(Tatcd as described for the Black River span. 

Example fou Subsiuiuctuiu*: 

The bridge, the substriu^tiire of which is to be built under thc'se speci- 
fications, will carry two standard railway tracks on its 1ow(t deck, and 
two street car tracks in a pav('d roadway and two skh'walks on the upper 
deck. The railway tracks ai)proach the westerly eiul of the l)ridge on 
a fifteon-dc'gree curve', which ('xtends over two dc'c'k, plate-gird('r spans 
and ends on the west(*rly main channel span; tlu'iice they contiitue on tan- 
gent to a point about two-thirds of its h'ngth across the ('aste'rl}" channel 
span, where they turn out in both directions on sixteen-degn'Ci curve's. 

The strec't railway and highwaj’' approae'h begins at the we'ste'riy enel 
at the easterly side of Thirel Stre'e't and is carried, first on an embankment, 
then on a steel tre'stle parallel and imme'eliately alemgside Glisan Strenjt, 
thence across the' river on the; upper de'ck of the' three; main channel spans, 
and thence' cm ste'e'l trestle to its easte'rly end at the' junction of Oregon 
and Adams streets. 

The substructure' require'el consists of the retaining walls, abutments, 
and seventee'ii pedestals for the weste*rly stree't railway and highway ap- 
proach, an abutme'nt and a jiier for the weste'rly railway approach, a 
westerly shore i)ier, two mid-rive*r piers, anel an e'aste'rly abutme'nt to sup- 
I)ort the; main e;haiinel spans, and t(;n pe'de'stals and an abutme;nt for the 
easterly street railway and highway approach. 

The bases of l)oth emd abutme'uts and all pedestals, except the three 
ne;xt the W(;stc'rly shore, are; ne*ar or above the; high-wateT e'levation; hence 
they may be constructeel in open e'xcavations. The' thre'e pe'destals, the 
abutme;nt, and the two piers lu'xt the we'sterly shore; will be; support(;el on 
piles, and exe'avations for the;m will be; maele througli cribs by ejpen 
dredging. The; two main channel pie'rs will be sunk by the ope'n-elre;elg- 
ing process te) a l)e'el of e;e'rnented gravel lying abenit one; hundre'd anel 
twenty to one; hunelreel anel thirty f(;et bc'low low-wate.'r leve'l. The; abut- 
ment at the e'asterly she>re will rest on a bed of cerne'nteel grave;l which is 
fenmd but t(*n to twenty fe;e;t be»low low-water le;vel. The i)ii;rs will bo 
cemstructe'el of cone're;te with granite; caps. The abutments will be of 
concrete with granite; brielge; seats, anel the; pe;ele;stals anel the retaining 
walls for the we'sterly approach will be of concrete throughout. 
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Example for Reinforced Concrete Bridge 

The structure consists of 8 reinforced concrete arch spans, each 110 
feet long in the clear, or 118 feet 9 inches from centre to centre of piers, 
the total length between springing lines at abutments being 941 feet 3 
inches. Three of the piers will be supported on piles, which are to be 
driven by watcT-jet, as described herein. The other four piers arc to be 
carried to bed-rock. The concrete shaft of each pi(;r rests on a mass of 
concrete^ Inflow low-water hwel, which mass is enclosed in a box composed 
of 12" X 12" timbers encasing the heads of eight rows of pil(?s, as shown 
on the drawings, where y)il('s are used Ix'neath the piers. The length of 
the piles then^ indicated is thirty f(^et, but th(^ actual kmgth to be used 
(;annot be determimul exc('pt by trial. The ( 'ontractor will be required 
to put in as long pih's as can b(^ driven by water-jets and liammcT com- 
bined without involving unusual difficulty and expense*. He will be paid 
for the cut-off ends according to the terms of the clause for "Unclassified 
Work." The depths to which all piles are to be drive'll will be detennined 
solely by the Enginee'rs. 

As therei is to be; no elirect payment feir the; timber bases of the piers, 
the Contractor will hv at liberty to use she'e't piling insteael, provided the 
Engine*e'rs de'e'm this satisfactory. Unless the Engine;e'rs de'cide that so 
doing W'ould injure; the foundations, the sheet piling may be withdrawn; 
but in sueii cases the voiels thus left must be filleel with small broken 
stone or tainpe;d gravel in order to avoid inelucing se;our. 

The; main elimensions of all piers and abutments are shown on the 
accompanying drawings. 

At the top of e'ach jiier, immenliately be*low the arche's, is a ceijiing sur- 
mounteHl by a cockexl hat at e'ach e'liel, anel abe:)ve this is a narrow orna- 
me*ntal w'^all which appears to be a e'emtinuation of the pie'r. Above* the 
arches, wiiie^h are* 24 feet () inches wide, rise* narrow transverse walls to 
support the lleior. 

The main roaelway, whie;h is ultimately to carry a elouble*-track elec- 
tric railway, is 30 feet wieie in the clear; anel on e*ach siele of the brielge 
there is a footwalk 5 fe*e't wide in the cle*ar, wiiich, with a jiortiem of the 
roadway, is cantileve*red out beyond the arches and cross-walls by beams 
of reinforced concrete. The end arche's of the* brielge; spring from con- 
crete abutments of the type shown em the elrawings. The face of the 
abutment next the city will lie; in the same plane as tlie; face of the retaining 
wall which is already constructenl. A che;ap ce)ne*rete bae*king will be use;el 
for the abutments in order to increase their mass so as to resist properly 
the thrust from the arches. 

The cross-walls support a slab of reinforceel concrete, upon which is a 
thin layer of sand to carry the concrete base for the block pavement, all 
as shown on the drawings. The railroad tracks will not be put on at 
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present. The block pavement will be described further on. Above the 
cantilever brack('ts of the sidewalk is a slab of reinforced concrete carry- 
ing a mass of sand, upon which rests the granitoid footwalk. Between 
the latter and the lower slab is space that may be occupied by water 
pipes, gas pipes, or telephone conduits, as indicated on the drawings. 
The hand-rails are to be of concrete of an ornamental character, as shown. 

I. 3. Changing of Grade 

The grade of the new structure is to be feet higher (or lower) 

than that of the prcisent bridge; and the Contractor must so handle his 
field operations that the changing from the old to the new grade will not 
interfere materially with traffic. 

V. 4. Temporary Bridge 

Sometimes it is necessary that the Contracjtor build a temporarj'^ bridge 
or trestle to take care of the traffic before beginning to demolish the old 
bridge. In such a case tlu^re should bo here given a thorough, des(;rip- 
tive, general specification for the said tc'mporary bridge or trestles but 
the detail specifications for its construction ikhhI not be included in this 
clause, because they will be found farther on in th(‘se specifications. In 
building temporary structures it is often ixTmissibli* to use' inferior or 
second-hanei mate'rials, and to what extent this may be done should be 
made clear in this clause. Again, for te'inporary work it is not ne^cessary 
to protect the wood against elee^ay as specifie'el for i)ermanent timber 
constructions. Should any job be divided among two or more contractors, 
the duties of each in connection with the temporary bridge must be 
clearly defined. 

ExAxMPLE 

As shown on Drawing 19, it will be^ necessary to builel a timber trestle 
connecting the ends of the present draw span with the present wooden 
trestle on the cast end and with Eleventh Strc‘(4. and (^liff Avenue on the 
west end, in order to maintain traffic during the construction of the new 
bridge. 

The present structure consists of two fixed spjins and a swing span 
over the waterway, and a steel trestle or viaduct at th(; west end, all pin- 
connected. The contractor for the substructure shall rc'move the two east 
piers and the pier betweem the draw pic;r and the W(\st pier of the present 
bridge; and he shall remove the two fixed spans and the trestle at the 
west end of the bridge. The swing span will be swung through an angle 
to connect to the ends of the temporary wood(m trestle. The contractor 
for the substructure shall also furnish all materials for and construct and 
maintain during the continuance of his operations the temporary wooden 
trestle, and thus maintain traffic on Eh^vonth Street from the present 
timber trestle at the east end to Cliff Avenue at the west end. 
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The contractor for the erection of the superstructure shall remove the ‘ 
draw span and the pier supporting it and the draw protection; and he 
shall maintain, the temporary trestle from the time the substructure con- 
tractor has been relieved of that duty by the city; then he shall remove 
the temporary trestle, the materials hi which shall become his property. 

V. 5. Removal of Old Structure 

It often occurs that the Contractor has to take down the old spans 
and even remove the old piers. In such a case a complete specification 
for such removal should be drawn, and in it should be clearly stated 
what is to be done with the old materials and who is to do the various 
handlings thereof. Again, it should be made clear who is to be the owner 
of th(5 old materials. Sometimes it is Ix^tter to let the Purcluiser keep 
either the whole or a portion of them, but at other times it is better to let 
all of su(;h materials become th(; property of the Contrac.tor. In the latter 
casc^ care should be tak('n to spc'cify Avhere Ik^ can and wIktc he cannot 
stoni them, and how long they may be left at any place wIkto stored tem- 
porarily. In th(^ case of old wought-iron bridge's the metal is useful and 
valuable for blacksmith work, but old steed is good for nothing but scrap. 
Old masonry can often be employed for rip-rai)i)ing piers on pile 
founelations. Old timbeT may be valuablei for falsework, or otheT con- 
struction, but gc'ne'rally it is fit only for firewooel. Before settling what 
is to be done with the old materials the Kngineeirs should cemsult their 
principal, the? Purchaser, anel obtain his ele?cision on the matter. If the 
old supe*rstru(;tur(? is to be reM're'cted, this clause should sjjecify how it is 
to be match-marke?el, jmint-markeel, piled, and loaded so that the metal 
may be i)roi)erly k(?pt track of for future use. 

In re\spe*ct to the re?moval of old pie?rs anel abutm(?nts, the edevation 
or elevations to wdiich they are to be takem do\vn should be stated; and 
it slioukl also be made clear whether the piles are to bo dra^vn or to be 
cut off at a certain elevation. 

Example 

The old masonry abutments shall be removed to one foot below ground 
surface?, and such parts of the material as the enginc(?rs may d(*signate shall 
be placed in dry walls at the foot of the embankments. All other materials 
in the old bridge, except the metalwork and bolts, are to be? the property of 
the Contractor. The old stee?l span is to be match-markeel and carefully 
taken down; and all parts there'of, together with all bolts in the timber 
floor, are to be stored in an orderly manner at a point on Troost Avenue, 
within 300 feet of the bridge, in accordance with the directions of the 
Engineers. 

V. 6. Remodeling of Substructure 

Occasionally the Contractor is required to remodel the tops of old piers, 
in order to raise or to lower them or to strengthen them so as to carry 
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properly the new loads. In this c?aso a complete specification should be 
drawn covering the entire work of such remodeling. Permission for using 
dynamite for taking down the old masonry should be either. given or with- 
held, as the Engineers dc'em preferable. The item of repointing the old 
masonry that is left in should be considered. The method of ndiuilding 
the pier tops with concrete should be fully explained. Sometimes it is 
advisable* to strengthen the* new tops of the old pic'rs by embeKlding old 
rails in them, which rails an* the property of the* Purchaser. In such a 
case the conditions governing tlu^ obtaining and tlie use* of these old rails 
should be thoroughly explained in this clause. It shoultl b(j statenl how, 
wh(*n, and where the said old rails are to be deliven'd to the Contractor 
and what he is to do with them after they are so delivered. 

Example 

Nine masonr}” piers for a high-level bridge were built on this site 
several years since*. The bridge* to be^ built now is to l)e of the double*- 
deck type, having the* lower deck at a much lower level than the* original 
plan provided; and the* grade* of the uppe*r de*ck varies from that shown 
on the original plan. There*fore it is nece^ssary to increase* the^ heaght of 
brielge seat by building up the^ masonry e)n some piers and to re*du(je it 
on others by removing the tops of the piers; anel in sorrier instance's ste*el 
girders will be placed in the tops of the piers to assist in distributing 
the loael. 

The work to be done under this contract is as follows: 

A. Build three concrejte abutments, one on each side of Seconel 
Street and one on the south siele of First Street. 

B. Place in the position and ejlevation re*quire*d on top of Piers I 
and II, steM*l girelers, which the (^emipany will furnish, builel uj) the piers 
about the gird(*rs with (piarry-faced masonry, and fill in beneath and around 
the girders with rubble masonry or concrete, all as shown in outline on 
Drawing No. 57. 

C. Build up Pier III with quarry-fac(*d masonry and concrete or 
rubble masonry backing, as shown in outline on Drawing No. 57. 

D. Kemove the tops of Piers IV and V, replace sevcwal (?ourscs of 
masonry, and place in the n(*w tops of the piers st(*el girrlers, whicdi the 
Company will furnish, all as shown in outline on Drawing No. 55. 

E. Kemove tin; tops of Piers VI and VII and n*pla(;e several courses 
of masonry, as shown in outline on Drawing No. 55. No steel girders 
will be required in these piers. 

H. Remodel Pi(T VIII, situated on the south side of the Wabash 
railroad tracks, substantially in accordance with Drawing No. 60. If the 
location of the north approach should be changed, a new concrete pier or a 
pair of large concrete pedestals shall be constructed instead. 

I. Remodel Pier IX, situated on tlie north side of the Burlington 
railroad tracks, as noted on Drawing No. 61, and build two wings of 
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quany-faccd masonry with rubble or concrete backing, in order to form an 
abutment for the earth fill in the north approach. 

J. Build or alter any other masonry for the bridge that the Com- 
pany may desire built or altered. 

The materials to be removed from the present piers shall remain the 
property of the (company. The Ckmtractor shall use in the remodeling 
of th(i present and in th(^ construction of the m^w masonry such portions 
of the stone nmovod from the i)r(\sent pi(irs as the Engineers may deem 
suitable; and the remaimkT of thc^ materials removed from Pic^rs IV, 
V, VI, and VI I shall be d(‘i)osited on th(^ (\jmi)any’s i)ropcrty whtjre the 
Engineers direct. The unused malcjrials from Pi(T VII shall be placed 
on the north side and those from Piers IV, V, and VI on the south side 
of the; river. 

Th(j existing pi(*rs are to be remodc'led as above dc'sesribed and as 
shown on thi* drawings. All the rel)uilding is to done in a truly first- 
class maiiiKT and to tlu; satisfaction of thci Engineers. In removing the 
stoiK's eani is to be taken not to injunj in any way either the pier or any 
of the stones that art? to be utilized in rebuilding. 

V. 7. Rerthodeling of Super structure 

Occasionally it becomes necessjiry, in replacing an old bridge, to retain 
a portion of th(^ superstructure. In such a (‘ase a full dc'seription, with 
drawings, should b(^ prepan'd for such replacement, and detailed direc- 
tions should be given concerning its modus operandL 

Example 

The work of remodeling the superstructure; of this bridge consists of 
the following: 

A. Building falsework under each span so as to support it and carry 
trains during the r(;(!onstruction. 

B. Jtemoving and replacing certain vc'rtical posts and diagonals as 
marked on the; aeicompanying plans. 

C. Strengthening the floor-beams by adding cover plat(;s to the top 
and bottom flanges. 

D. IDoubling the stringers. 

E. Removing and replacing the j^ortal bracing. 

F. Painting all new metalwork. 

G. Removing of debris. 

All the work to be done is indicated clearly on the accompanying plans, 
which show perfectly which is new construction and which is old. The 
new metalwork is to be manufactured in strict accordance with these 
spc;cifications, and is to be ])ut in place; in a manner satisfactory to the 
Engineers. All fieldwork is to Ik; coiidiictc'd in accordance with the 
requirements of these specifications for new work. 
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V. 8. Furnishing of Materials by the Purchaser 

In some cases certain materials, such as cement, rails, angle-bars, rail- 
bolts, and rail-spikes, are to be furnished by the Purchaser and put in 
place by the Contracitor. Under such conditions there should be a clause 
with either a g('n('ral iK'ading like the above or a spc^cial heading in rela- 
tion to th(' iiarticular material to be furnished. The clause should specify 
that the (Contractor must receive, haul, and store such materials and be 
responsible therefor until the completion of the entire contract. 

Example 

The Railroad Company will furnish the Contractor on its sidcvtrack 
at Sunshine Station all the cement required for the work, but the Con- 
tractor must receive', unload, haul to site, and store it until n'ciuired for 
use; and he will be lu'ld resi)onsible for its being kept in good condition 
until then. The (Contractor will be allowed three (3) days in which to 
empty each car of its load of cement, after which he will be charged the 
usual demurrage. 


V. 9. Maintenance of Traffic 

In reconstructing an old bridge it is almost always necessary to main- 
tain the traffic crossing the structure as well as to provider against intc'r- 
ference with oth(*r traffic indin'ctly affected by the (ronstruction. Navi- 
gable waterways, public, highways, privates rights-of-way, c'tc., cross('d by 
a structure, cannot be obstructc'd exc(?pt by s])ecial pcTinission granted 
by the propc'r authority; and, as a rule, it is necessary to carry on the 
erection without su(di interf(*rcnce. This is also true in a new structure. 
This clause should state the kinds of traffic to be dealt with and the pr('.- 
cautions to be taken in each case. 

Example 

The Contractor must so conduct all of his operations as to interh're 
to the least extent practicable with the passage of boats, rafts, railway 
trains, v('hicles, animals, pedf'strians, and all other kinds of public traffic; 
and he must take every j)r(^caution against accid(ints happening to the 
said boats, rafts, trains, vehicles, animals, ped(\strians, and other traffic 
because of his operations. No thoroughfare of any kind shall be closed 
without the written consent of the proper authorities. 


V. 10. Mainteruince of Sewers and Pipes 

In constructing a bridge existing water-pipes, sewers, or conduits may 
have to be moved or temporarily supported. This clause must clearly state 
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who is to perform this work, and whether there is to be any direct pay- 
ment therefor. 

Example 

Unless otherwise agreed upon in writing, the Contractor shall maintain 
and leave in good condition any sewers, pipes, or other conduits uncov- 
ered or disturbed by his operations; and, if necessary, he must remove the 
old ones and build mw ones. Such removal and building shall bo treated 
as “Unclassifi(Hi Work,’* unless there be schedule prices to cover them 
in the (Contractor’s ttiiider, or unless some special agreement for the work 
involved be entered into by the Contractor and the Purchaser (either 
personally or through the Engineers). 

V. 11. Side-^Tracks 

In this clause there should be stated what facilities exist for building 
side-tracks for unloading materials, who is to build th('m, and at whose 
expense. Generally th(^ railroad company puts th('m in at its own ex- 
pense and r(?moves them after the work is completed; but sometimes the 
(Contractor has to put them in (?ither at his own expense or at that of the 
Purchaser. 

Example 

The Purchaser will furnish the (Contractor with all the rails, switches, 
angle-bars, bolts, spikes, and ties required for building 2,450 lim'al feet 
of sid(‘-track; and the Contractor will be nKpiired to do the necessary 
grading and lay th(^ track. After the structun? is completed the Con- 
tractor, at his oAvn expemse, is to take up and store at Walhachin Station, 
as direct(Ml by the Purchaser, all the said track material and leave the 
same in good ord(T. 

V. 12. Storage FaciUtks 

In this clause should b(^ stated what storage facilities exist or may 
be had in the neighborhood of the bridge site; and if the Engineers know 
what the cost thereof would probably be, they should state it, but at the 
same time they should make it clear that the Purchaser is not to be held 
responsible for the correctness of the statement. 

Example 

It will be necessary to build a short, tc'inporary track from the site 
close to low-water line around to a small flat lying between the site and 
the town of Lytton. This ground is somewhat broken, and is by no 
means ideal for storage, but it is the best that can be had. As it is use- 
less for cultivation, being covered with boulders, there will probably be 
no charge for rental. However, the Purchaser does not guarantee 
this. 
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V. 13. River Conditions 

In this clause should be given a straightforward statement of what 
the conditions of th(^ river generally are at the differemt S(;asons. The 
bidders should be told honestly what troubles they are liable to encounter; 
but at the same time they should not be friglitem'd into putting in high 
bids by any umiecessarily alarming statements. 

Example 

The Government records show' that the low-water period is during 
the months of August, SeptembcT, and OctolxT, and tliat th(' variation 
due to tid(i reachc^s approximately tw'o f(H‘t at low-water s('ason, but at 
high-water season th(' effect of tide is nc'gligiblc'. TIk^ fall and early 
spring high waters are usually from th(^ upper Willamette, and are ac- 
companied by considerables current; but the late? spring high w^ater is 
ordinarily back w'atiT from th(‘ Columbia River. Accompanying th(\se 
specifications is a chart showing the n'cord of gauge? readings as taken 
by the U. S. Gove'nmient. 

In preparing his teneler eae?h contrae?tor is te) be governexl by his own 
judgment of probable? riveT eonditiems; anel the actual resulting conditions 
will in no waj' be considereel as unfore'seen. 

V. 14. Transportation over Purchasers Lines 

In this clause should be stateel wiie'ther men, mateTials, anel plant are 
or are not te) be haulexl free* of charge over ex'rtain enumerated railroael 
lines that are owned or controlleel by the J^ure*hase*r. 

Example 

The Purchaser will haul both w'ays, fre*e of charge, all of the? Con- 
tractures m(?n, mate*rials, and plant whie?h may be useel e*ith(*r dire?ctly 
or inelirectl}'^ in conne*ction with the* wnrk covered in the contrae?t, on the 
following lines of railroad 


V. 15. Engine Service 

In this clause? should be stated whe?the?r the (Contractor is to receive 
engine service fre*e of charge or, if not, how much he is to pay per eliem 
for each engine with its driver and stoke*r. Generally it is b(*ttcr to have 
the? (Contractor pay the Pure?haser fe)r e*ngine servie?e*, so as te) i)reivent his 
ke?cping the engine? anel crew hanging arounel idle? while waiting for the 
Contractor to finish peirtions of the work. On the other hand, though, 
every part of a elay occupieel should count for a whole day, because the 
unoccupied portion would probably be wasted by the engine crew. 
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Example 

The Purchaser will furnish the Contractor, at the rate of 

dollars ($ ) per day, engine service (including one locomotive, one 

driver, and one stoker, with fuel, oil, waste, and all such supplies) for 
placing cars to unload inat('rial, for taking clown, transporting, and stor- 
ing of the m(»tal of the old structure, and for moving plant and materials 
for thci new work. Each portion of a day that an engine and crew are 
employed shall be paid for as a whole day. 

V. 1(). Rimting of Freight 

In this clause should be stated by what railroad or railroads the ma- 
terials are to be transported, provided that the favored routes is no more 
c'xpensive to thci Contractor than any other. It is only occasionally that 
this r<^striction is f)laced in l)ridg(i siwcifications; but when their principal 
is a railroad company, tlui I]nginoc‘rs should always ask whether there are 
any instructions to be given concerning the routing of freight. 

Example: 

Provided the Contractor be put to no extra expemse tlu'reby, the metal 
is to l)e shippc'd from Pittsburgh to St. Louis by the Pennsylvania System, 
from St. Louis to Texarkana by the Missouri Pacific System, and from 
Texarkana to destination by the; Kaiisixs ("ity Southern Railway Company. 

V. 17. Customs Duties 

When the metal work or othcT matc'rial is to be delivered in a foreign 
country, the sixxafications invariably should state who is to pay the 
customs duties. 

Example 

The prices named in the Contractor's tc'ndc'r must cover the customs 
duties on all imj^rted materials and plant used in the construction of 
the bridg(;s. 

V. 18. Patents and Royalties 

When any patented arti(?les are to be used on the work, the specifica- 
tions invariably should state who is to pay the roj’^alties thereon. 

Example 

With the sole exception of any patents that may be owned or con- 
trolled by the Purchaser's Engineers, the Contractor is to pay all royalties 
charged for the use of patented articles employed in manufacturing or 
building the structures. 
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V. 19. Observance of Labor Laws 

The Contractor throughout his operations shall comply with all labor 
laws and restrictions of the City, County, and State in which the work 
is being done, and must hold the Purchaser harmless against all fines and 
penalties incurred by the Contractor for the infraction of such laws and 
restrictions. 

(N. B.) In certain cases the preceding restrictions will suffice, but in 
others it is better to be more specific, thus: 

Example 

The Contractor shall not employ on the work, either directly or indi- 
rectly, any Asiatic or any person of the Asiatic race. 

No work whatever shall at any time or place (except in the case of dire 
necessity when danger to life or property is involv('d) b(' carried on during 
Sunday, and the Contractor shall take all necessary steps for preventing 
any foreman, or agent, or workman, or other employ ('(^, from working or 
employing others on that day. The PunrhascT shall in no way be held 
responsible? for any infraction by the Contractor of these or any other 
labor restrictions. 


I. 20. Limits of Daily Labor 

The Contractor shall not employ upon the work or in connection 

there^vith any workman or employee for more than ( ) hours 

per day of twenty-four hours. The working day shall commence at 

o’clock, A.M. and shall end at o’clock p.m. If two or more shifts of 

men are working in one day, the same men shiill not be permitted to 
work on more than one shift. Overtime shall not be allowed under any 
pretense whatever, except when human life is in j(?opardy or when prof)- 
erty is in danger of destruction. In such cases overtime will be allowed 
until the v.ork is secur(}d from danger, but no longer. 

I. 21. Rates of Wages 

The Contractor shall pay or cause to be paid to any workmen, artisaas, 
mechanics, or laborers, employed by him on or in connection with this 
work, a rate of wages not less than that generally acceptcHl as current in 

for competent workmen, artisans, mechanics, or laborcjrs 

when employed on similar work, 

V. 22. Sources of Supply /w Materials 

It often helps bidders in preparing thc*ir t('nd(Ts to have in the speci- 
ficatioas a clause stating where many of tlu? various materials required 
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for the work may be obtained conveniently; but it is well to give, if pos- 
sible, a choice of places so as to prevent monopoly and its consequent 
excess expense to the Purchaser. 


Example 

Good, clean sand can be found in a bank about three-quarters of a 
mile from the bridge site; and there is a fairly good road with a continu- 
ous down grade from the said bank to the site. Gravel of satisfactory 
character is obtainable in large quantities from a bar about half a mile 
up-stream, but it will require washing. Ikokcjn stom; can be brought 
in by rail from a quarry ten miles distant, but will have to b(^ transported by 
wagon a full mile from the railway station. ThcTc is no local timber 
available, hence what is needed will have to be brought from the coast 
by rail. 

V. 23. Prices of Materials 

It is often advisable to state the i)rices at which the materials required 
for constriK^l-ion can be bought, but as a matter of precaution no rc'spon- 
sibility to tlm Purchaser or the Engineers should be assumcni by making 
the statement. 

Example 

The following prices of materials, delivered on cars at various stations 
of the Purchaser's line, an^ furnished to bidd(a*s as a guide in preparing 
their tenders; but it is understood that the Purchaser in no way guaran- 


tees their correctness: 

Portland cement SI .65 per bbl. 

Long-leaf yellow pine timber 18.00 per M. ft. B. jVI. 

Short-leaf yellow pine timber 15.00 per M. ft. B. SI. 

Long-leaf ydlow pint* pil(»s .08 per lineal foot 

Oak ])iles, from 30 ft. to 10 ft. long 15 per lineal foot 

Gravel 50 p(T cu. yd. 

Sand 25 per ciL yd. 


P. 24. Spu'it of the Specifications 

The nature and sj^irit of these specifications are to provide for the 
work herc;in enumerated to be fully com])let(Hl in evc'!^*^ d(dail for the pur- 
pose designed; and it is hereby understood that the Contractor, in accept- 
ing the contract, agre(\s to funiish any- and (‘vc'r^’thing necessary for such 
construction, notwithstanding any omission in the drawings or specifi- 
cations. 

V. 25. Modus Operandi of Construction 

If no modus operandi of construction has been laid out in advance, the 
following clause should be adopted: 
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“The modus operandi of construction shall be determined by the Engi- 
neers; but, so far as possible, it is to be arranged to suit the convenience 
of the Contractor.” 

But if there is determined in advance a well-formed policy of proce- 
dure, it should b(? given in detail, as, for instance, in the following: 

Example 

On account of the short duration of the low-water season, the sinking 
of pn(nimati(? piers will have to be begun simultaneously on both sides 
of the river about the first of Septemlx'r and finished about the fifteenth 
of January. Two full pneumatic outfits will be recpiired, and the sinking 
Avill hav(‘ to l)e pushed with the utmost dispatch. Each pier must be 
brought abov(‘ ('xtn'ine high-water lev(d Ix'fore th(? work on the construc- 
tion of the shaft c('ases temi)orarily. As the stream, though deep at 
high water, has no great velocity of current, it will be practicable to work 
on the completion of the shafts during the high-water season. 

It will not suffice to delay the construction of the piers and pedestals 
of the approacjhes until the; high-water season, b('cause it will Ix^ neces- 
sary to start the erection of the said approaches about the beginning 
thereof. Morc'ovtT, as the api)roaches are to b(^ used for transi>orting 
th(» metal of the? main spans to the river bank, and as there is need for 
the greatest hastcj in the completion of the stnicture, it will be necessary 
to start the erection of the approaches simultaiK'ously from the outer ends 
so as to complete them by the time that the riv(T piers arc finished. 


V. 26. Accompanying Drawings 

Give in some systematic order a list of all the drawings that accom- 
pany the specifications, and states whether th(»se are or are not the com- 
plete? d(?tail drawings to be furnish(?d by the Engineers. If they are not, 
indicate? which arc specially i)repared for the contomi)lated construction 
and which are drawings of old, similar structures that are offered as 
samples of what the work will be like. This is important, so as to 
anticipate? the Contractor\s possible claim for extra compe?nsation, baseel 
on the ple?a that the actual work has differed from that illustrated in the 
bidding drawings. 

Example 

The following drawings accompany and supple?ment these specifications: 
General and Substructure Drawings and Stress Sheets 

1. Gemeral Plan and Profile, Black Rive?r Bridge. 

2. General Plan anel Profile, Little River Bridge. 

3. Le)cation Map, Blae?k Rive?r Brielge. 

4. Location Map, Little River Bridge. 
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•5. Substructuro, Black River Bridge. 

0. Substructure, Little River Bridge. 

7. Diagram of Stresses and Sections, Black Jliver Bridge. 

8. Diagram of Stresses and Sections, Little River Bridge. 

Typical Detail Sheets 

10. Counterweights, City Waterway Bridge. 

13. Floor System 201-ft. Span, Keithsburg Bridge. 

14. Trusses 201-ft. Span, Ktiithsburg Bridge*. 

24. Trusses, 114-ft. Span, Keithsburg Bridge. 

29. Details of Towers, Keithsbiu-g Bridge. 

30. Details of Towers, Keithsburg Bridge. 

Machinery Drawings 

Ml. Tower sheaves, shafts, bearings, equalizers, ropes, and rope 
sockets for Black River Bridge. 

M2. Tower sheaves, sliafts, bearings, equalizers, ropes, and rope 
sockets for Little River Bridge. 

M3. G('n(*ral arrangement of operating machinery for Blac^k River 
and Little River bridges. 

M4. Mechanical Indicator for Black River and Little River bridges. 
M5. Guide RoUcts for Puyallup River Bridge (illustrative for guide 
rollers). 

26. Centring Castings for Keithsburg Bridge (illustrative for thrust 
castings). 

41. Rail Locks, Keithsburg Bridge (illustrative for rail locks). 

Nos. 1 to 8 inclusive and Ml, M2, M3, and Ml hav(i Ix'cn prepared 
specially for the two i)roposcd bridges; but the* others an* ()fT(*r(*d iiier(*ly 
to show the charact(T of the details, in order that bidders ma}" tender 
on the work at unit prices. 


V. 27. Detail Drawings 

If the complete detail drawings are not submitted to the bidders, tlio 
following clauses is to be used under this heading: 

“As soon as practicable after the contract for building the structure 
is signed, the Engineers will furnish complete detail j)lans, in strict ac- 
cordance with which the Contractor shall prepare his shop drawings or 
his working drawings.” 

Sometimes, however, it is advisable to state exactly when the drawings 
will be ready. 

V. 28. Working Drawings 

The wording of this clause will depend on the type of structuro to bo 
built. It should fix the; responsibility of tlu* (Contractor in regard to the 
chocking of the Engineer's plans, should determine the plans to be i)re- 
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X)an'(l by the Contractor, should give the procedure for approving plans 
and revising th('m after they are approved, should provide for th(; chang- 
ing of plans anti the tiompensation for such changes in the event that it 
becomes nt'ct'ssary to make alterations after they are completed, and 
should si)ecify the plans that are to be furnished by the Contractor. 

Example 1 

No alterations shall be made in the general or detail plans without 
the OTitten consent of the Engineers. The Contractor shall carefully 
check the Engineers’ plans before beginning the preparation of his work- 
ing drawings, and should any errors be found he shall bring them to the 
attention of tin? Engineers, who will make the necessary corrections, after 
w’hich the (Contractor shall be responsible for all errors which may occur 
or w’hich may have occurred. The Engineers shall have the right to alter 
the plans as they may see fit, if fm’thcr investigation of the conditions 
afflicting the structure should so \varrant; and they shall be at liberty to 
make minor changes in all plans during fabrication without any extra 
charge for thci Siime being made by the Contractor, unless, in the opinion of 
the Engine(*rs, the Contractor be reall}’' entith^d to extra compensation on 
account of such changes. If practicable, the amount of such extra com- 
pensation shall be agret^d upon in wanting by the EngineiTs and the (Con- 
tractor before the unanticipated work is started. 

The working drawings shall be sent in duplicate for the approval of 
the Engine^Ts, who will retain one set and return the other after checking 
them and marking thiTcon any changes or corrections desired. If any 
such changes or corrections are necessary, the drawings shall be corrected 
and prints again sent in duplicate to the Engineers; and this process shall 
be continued for any draw ing until the Engineers have retumi'd to the 
Contractor an api)roved print thereof. As soon as this approved print 
of any drawling has been reiriuvcHl by the (Contractor, he shall at once 
S(»nd to the Engineers as many additional prints as they may require. 
Should revisions in any drawling be made at any time, thc^ (Contractor 
shall send to the Engineers for their approval two i)rints th(»reof having 
the said revisions plainly noted thereon, and shall continue to furnish 
additional sets of duplicate prints until the approval of tlu; engin(*ers to 
the revis(‘d drawing is obtained. AftcT the said revised drawing has been 
finally approved, the Contractor shall at once send to the Engineers as 
many additional prints thereof as they may n^f^uiro. At any time during 
the i)rogress of the work, the (Contractor shall furnish ivithout charge as 
many sets of working drawings as the Engineers and other officers of the 
Purchaser may desire. 

Should the Engineers prepare any working drawings, they sliall be 
carefully checked by the Contractor; and if any errors be discovered, 
the Engineers’ attention shall be called thereto. After the proi)cr correc- 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 1761 


tions of these are made, the Contractor shall be responsible for all errors 
which may occur or which may have occurred. 

With his working drawings the Contractor shall furnish an erector’s 
diagram which shall show clearly the marking and position of each mem- 
ber of the bridge, also a camber diagram. 

Upon the approval of the working drawings, but not before, work on 
the structure may be begun; and it is expressly provided that such ai> 
proval shall in no way release the Contractor from responsibility for draft- 
ing or shop errors. After the plans have been approved, alterations will 
be permitted only upon the written instructions of the Engineers. 

The (Contractor shall prepare complete detail plans showing shape, 
dimensions, and position of all reinforcing bars, and shall design and 
prepare full working drawings for all forms, falsework, and staging, and 
for all erection equipment; and these drawings must b(; made to meet 
the approval of the Engineers before construction begins. 

Before the constructions are accepted, the Contractor shall furnish 
to the Purchaser, without charge, om^ complete set of all shop .drawings 
and all working drawings printed on cloth. 


Example 2 

The Contractor shall prepare all dc^tailod working drawings required 
to ('nable him to fabricate*, erect, and coiLstruct all i)arts of the work in 
strict conformity with the Engineers’ drawings and with lh(*se specifications. 

These working drawings for structural sti'cl and machinery shall in- 
clude, in addition to the nec(*ssary shop drawings, camber diagrams and 
erection diagrams which show clearly the marks and position of each 
member. 

For reinforced conen'to construction, the working drawings sliall show 
the dimensions, shape, jxxsition in the work, and means of supporting in 
position of all n'inforceineiit, and all forms and the im*ans of su])i)orting 
them. 

For substrlicture and all general construction tlu* working drawings shall 
show all minor and special details which are left opc'ii to tin* Contractor’s 
choice of methods of construction or which for any r(*ason are not fully 
shown on the Engin(*(*rs’ drawings. 

For all constniction the Contractor’s working drawings shall show 
details of falsework, rigging, anil all other temporary structures, and sizes, 
capacitii^s, .and other characteristics of all macliiiK'ry and ]>laiit emplo^a'd. 

Working drawings shall be submitted to the Engineei*s in duplicate; 
one set will bo returned to the Contractor ai)proved, or showing the 
changes or corrections required; duplicate copies shall be resubmitted 
after correction, until they receive the Enginei'rs’ approval. Working 
drawings sliall be correlated or revised whenever and however the En- 
gineers direct, but no approved working drawings shall be altered and 
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the Enginoors' drawings shall not be deviated from without the written 
consemt of the Engineers. 

The Contractor shall carefully check all drawings, the Engineers’ as 
well as his own, and if any errors be found they shall be reported to the 
Engineers, who will make or approve the necessary corrections. The 
Contractor having undertaken to construct a structure complete and 
adequate for the purpose intended, and having checked all plans, shall 
be responsible for the correctness of all dra\\dngs; and it is expressly under- 
stood that th(' Engineers’ approval of the drawings does not in any measure 
relieve the Contractor of full resj)onsibility for errors. 

Payment for working drawings shall be included in the prices for mji- 
terials named in the contract. For minor revisions of completed and 
approved working drawings no extra payment will be made; for material 
rc'visions for which, in the* Engineers’ opinion the (Contractor is fairly 
entitl(*d to extra comi)i*iLsation, the Engineers will fix the? amounjb that 
the Purchas(*r shall pay and the Contractor accept as full payment for 
such revisions. 

The (Contractor shall furnish without additional charge two complete 
sets of cloth and as mam' s(*ts of pape'r bliu*print copies of the working 
drawings as the Purchaser and the Engineers may desire. 

P. 29. Alteration of Plans 

The Engineers shall hav(^ tlu*, powder to vary, extend, increase, or dimin- 
ish the quantity of the w'ork, or to disp(*nse w ith a portion thcTOof during 
its i)rogress without impairing tin* contract; and no allowance will b(; 
made; th(* Contractor (*xc(*i)t for the w'ork actually done. In case any 
change* should involve* the* (*xecution of w'ork of a class not herein provided 
for, the; Contraeior shall i)(*rform the same as providiKl for in the clause 
c*ntitled ‘‘ Unclassifi(»(l Work.” In such cases the Engineers will first give 
a written order, and the (Contractor must furnish them with satisfactory 
vouchers for all labor and materials expended on the work. 

P. 30. Changes 

All clauses of the specifications and contract shall apply to any changes, 
additioas, or d(?viations, in like manner and to the same extent as to the 
works at present projected; and no changes, additions, or deviations shall 
annul or invalidate cither the contract or the bond. 

P. 31. Workmanshi'p and Materials 

It is the intent of these specifications to provide for first-class materials 
and workmanship of every kind in all jiarts of thc^ structure?, and both 
shall be subject to the inspection and ap])roval of the Engineers at any 
time during the progress and until the final completion of the work. The 
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entire work shall be constructed in a substantial and workmanlike man- 
ner in strict accordance with these specifications, the accompanying plans, 
and such instructions as may be given from time to tim(^ by the Engineers, 
and to the satisfaction and acceptance of thv: Engineers. The (contractor 
shall employ suitable mc^chanics for every kind of mechanical work, and 
shall, at th(; request of the; Engineers, discharge from the work any fore- 
man or workman whom the Engineers shall deem incompetent, negligent, 
or untrustworthy. 

P. 32. Inspeciion in General 

All matcTials and all processes of manufacture or construction are to 
be subject to the* iaspection of the Engineers at all times; and tlui Engineers 
and their iaspc'ctors shall havc^ free ace(\ss to all parts of any factories 
or plants in which any materials are being manufactured or prei)ared, 
and to all parts of th(i work of construction and erec'tion. All facilities 
for the dc?sired inspection of matcTials or workmanshii) shall be furnish(^d 
])y the Contrac^tor as r(*qu(?st(‘d. The Engiiu'C'rs or their n^presentatives 
will pass on all mat(Tials of every kind before their use in th(‘ structure, 
and any reject(‘d mat(Tial must be removed at onc(‘ from the sit(' or the 
vicinity of the proc(\ss of work, or from tlu' right-of-way. The oi)erations 
of manufacture, construction, and erection will likewise^ he inspected; 
and all workmanship or processes deemed to be faulty must be corrected 
inmiediately on request. 


P. 33. Inspeciion of Metal 

All metal will be inspected at the mills and shops. The inspection 
and t(*sts of all mental will be made promptly on its being rolletl or cast, 
and th(‘ quality will be detcTmined before it leaves the rolling mill or 
foundry. 

Material which, subsequent to the tests at the mills and foundries, 
and to its aecef)tance there, develops weak spots, brittleness, cracks, or 
other imperh'ctions, or is found to have any injurious (h'fects wliat soever 
will be rejectc?d at the sho])s and shall b(^ rei)laced l)y the Manufacturer 
at his own cost. The inspection of w’orkmanship will be made as the 
manufacture of the material progresses, and at as early a jxTiod as the 
nature of the work will pc^rmit. The Contractor must furnish all facili- 
ties for inspecting the workmanship and t(\sting the quality of all ma- 
terial furnished on the order at the mill or shop where the said material 
is manufactured; and the Engineers and their Insi)ectors shall liavc free 
access to all parts of the plants in which any portion of the material is 
being made. All tests are to be made by the Contractor for the Inspector 
without charge. 

No material shall be rolled or work done before the Engineers and the 
Insp(?ctor have been notified where the orders have been placed or before 
arrangements have been made for the inspectiqn. Complete copies of 
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mill orders and plans must be furnished to the Inspector, and he must 
be notified in time to be on hand when work is begun on his order. Any 
delay on the part of the; Inspector shall b(^ reportcid to the Engineers, but 
no material will be acce])te(l which has not been passed upon by the au- 
thorized repnvseiitative of the Engineers. 

P. 34. Inspection of Other Materials than Metal 

All other matcTials, i)rocesses, and workmanship than metal and 
machinery and their manufacture shall be inspc'cted at the bridge site, 
unless the Contractor should elect to have any materials, processes, or 
workmanship inspected elsewhere, in which case such inspection shall be 
performed by the Engineers at tin* place's designated by the' Contractor; 
but all expenses incurred in making sue*h iiLsi)ection shall be borne by the 
(contractor, and shall be paiel promptly from time to time upon presenta- 
tion of bills fe)r same. 

The Engineers shall have^ the^ right to take such samples of all ma- 
terials as they consider necessary for te?sting or examination. 


P. 3o. Final Inspection 

Before the completed work is acceptc'd and paid for, the (Contractor 
shall notif}" the Engineers in witing that it is ready for final inspection. 
Upon receipt of the notifi(!ation, the Engine(?rs will arrange to give the 
entire work a minute and thorough inspection, either in person or through 
a compciteiit n*pres(?ntative who has not b('en employed regularly on the 
special work. Any def(*cts or omissions noted during this inspection must 
be made good by the (Contractor without extra charge before the said 
work will be accepted or paid for in full. 

P. 36. Strictness of Inspection 

All materials and workmanship will be thoroughly and carefully in- 
spected, and th(? Contractor will be; held at all times to the spirit of the 
specifications; but nothing will be done by the Engineers or Inspectors 
to give the Contractor m'C'dless worry or annoyance, the int(?nt of both 
specifications and insp(?ction being simply to obtain work that will be 
first (ilass in ('very particular and a credit to every one connected with 
its designing and construction. 

P. 37. Defective Work 

The Contractor, upon being so directed by the Engineers, shall remove, 
reconstruct, or make good, without charge?, any work which the said 
Pmgincers may consider to be defectively executed. The fact that any 
defective material in the structure had been previously accepted by the 
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oversight of th(5 Inspectors shall not be considered a valid reason for the 
Contractor’s refusing to remove it or to make it good. And until such 
defective work is rc'moved and mad(5 good, the Purchaser shall deduct 
from the partial i)aym(mts or the final payment, as the casc^ may be, 
whatever sum for defective work as may, in the opinion of the Engineers, 
be just and equitable. 


P. 38. Differeyicea of Opinion 

If any diffen^ncos arisen b(?tween the Inspector and the Contractor re- 
garding the? meaning of tli(\s(» s])(^cifications and th(j accomf)anying plans, 
the Contractor shall bring the same immediat(‘ly to the attention of the 
Engineers, who Avill atljust the said differenc(?s. 

P. 39. PotiilioHy (Irculicnt, and Alignment 

The entire bridge' must be constructe'd in tlie^ exae^t position required, 
the finished surfaces of tracks and floors must conform exacrtly to the 
elevations and gradient spe'cified, and all i)arls of both substructure and 
suf)(Tstru(5turi‘ must be* in ('xact alignment and prope'rly adjustc'd. The 
Contractor must. i)rovid(' all frame's, forms, false'work, shoring, guideis, and 
anchors that may be re?quired to insure this result. 

P. 40. Other Contractors^ Tl'erfc 

Each contractor will be re'eiuireel to pe'rform his work in the proper 
seqiu'iice in relation to other wen-k, as may be elirecteel by the Engineers, 
and properly to join his work to either existing or new construction. 

P. 41. Directions to Contractor 

All of the work is to be uneler the supe'rvisie)n of the Engineers, anel 
they will give the Contractor directions and instructions from time to 
time; and all such directions are to be conformed to by th(' ( Vmtrac^tor 
and by all of his ('m])loy('es and agents. In case that tlu* Contractor 
shall not Ix' prc'sent ui)on tlu' work at any tinu' wlu*n it may bc' necessary 
for the Engineers to give instructions, the' fon'inan in charge shall receive 
and obey any orders that the Engineers may give. On the recpiest of the 
Contractor or his n'preseiitativc^ any oral ord('r given by th(' Engineers 
or their representatives will be repeated in writing. Subcontractors or 
agents of any kind of the Contractor arc' deemc'd c'mi^loyc'c's of the Con- 
tractor, and they must conform to the directions and supervision of the 
Engineers in the same way as all other emi)lo}T'es arc required to confonn. 

P. 42. Responsibility for AccideMs 

The Contractor shall assiunc and be responsible for all accidents to 
men, animals, plant, and materials, due either directly or indirectly to 
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his operations, before the acceptance of the structure. The Contractor 
shall place sufficient and proper guards for the prevention of accidents, 
and shall put up and maintain at night suitable and sufficient lights. 

P. 43. Contractor's Risk 

The Contractor shall bear all loss or damage, from whatever cause 
arising, which may occur to the works or any portion of them, until the 
same are fully and finally completed and delivered to and accepted by 
the Purchaser; and if any such loss or damage occur before such final 
completion, delivery, and acceptance, the Contractor shall immediately, 
at his own expense, repair, restore, and re-execute the work so damaged, 
so that the whole work may be completed properly within the time limit. 

P. 44. Damages 

The Contractor shall indc'mnify and save' harmless the Purchaser against 
all claims and demands of all parties whatso(‘V(jr for damages or for com- 
pensation for injuries arising from any obstructions erected by the Con- 
tractor or his ('m])lojx'es, or from any neglect or omission to provide 
proper lights and signals during the construction of the work. 

P. 45. Loading Metalwork on Cars and Rhiyjying 

Projecting parts, liable to be bent or injured in transit, must be blocked 
wdth wood before shipment in such a way as to protect them from injury 
in handling or in transit. All small parts, such jis rivets, bolts, nuts, 
washers, pins, fillers, and small connection plat(*s, shall be boxed strongly; 
and the contents shall be mark(;d plainly on each box, in addition to the 
shipping address. Small plates may be shipped in bundles, securely wired 
and properly taggc'd. 

In shipping long plate-girders great care is to be taken to distribute 
the weight properly ov(t the two cars that support them, and to provide 
means for permitting the cars to pa.ss around curves without disturbing 
the loading. 

In both the handling and shipment of metalwork every care is to be 
taken to avoid bemding or overstr(;ssing the pieces or damaging the paint. 
All pieces bent or otherwise injured will ])o rejected. 

P. 46. Loading Metalwork on Vessel and Preparing Same Therefor 

Every piece, bundle, or package shall be carefully and plainly marked 
with the shipping address and destination, with the names and numbers 
of pieces, and with any other such marks of identification as may be 
necessary to ensure the correct disposition of the material. All small 
parts, such as rivets, bolts, nuts, washers, pins, fillers, and small connec- 
tion plates, shall be boxed strongly, and the contents shall be marked 
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plainly on each box, in addition to the shipping address mentioned. All 
lateral angles shall be bolted together in pairs; and as many of such pairs 
shall be bundled together with clamps or wire as will be convenient for 
handling without injury in loading and unloading. 

All pieces with open ends, such as truss members with forked ends, 
or laterals with unsupported plates or angles, or any other parts liable 
to injury in handling, shall have the ends packed with heavy blocks of 
timber, bolted thoroughly between the projections or to the body of the 
member in such a mamicr as to prevent any bending or other injury in 
handling or on shipboard. All jwrtals or bracing frames shall be bolted 
together in pairs, or reinforc(*d by timbers in such a manner as to prevent 
all possibility of injury in transportation. 

All nuts on any rods or bolts shipped loose shall be screwed tightly in 
plac(?, and the threads thereof shall be wound closely with twine so that 
the nuts cannot become loose and be lost off in handling, and so that the 
threads shall not be injured. 

Especial care must be taken to have every part, pierce, and package 
for each structure loadcMl in the same vessel. The parts of the different 
structures must b(^ boxc'd separately and marked so that there can be no 
possibility of gi‘tting them confus('d or interchangc^d. As the omission 
of any part, however small, would cause great trouble and delay in the 
field, it is absolutely necessjiry to avoid any omissions. 

The shipping invoices or lists are to be made to correspond to the 
bundles, boxes, and packag(js, so that each item on the list can be identified 
readily. 

During both the loading on steamer and the unloading from same, 
especial care shall be tak(*n to avoid injuring any of the metalwork; and 
the loading shall be so done as not to overstress any part and so as to 
prevent any sjiifting during the voyage. If, in spit(^ of all precautions, 
some of the metalwork be injured, the entire expense to which the 
Purchaser is put because of such injury shall be borne by the 
Contractor. 

All the expense involved by these special shipping and loading direc- 
tions shall be borne by the Contractor, as no extra payment will be allowed 
therefor. 


P. 47. Demurrage and Cartage 

The contractor for the erection of the superstructure shall unload all 
superstructure materials promptly upon their arrival and transport them 
to the bridge site; and he shall be responsible for and shall pay any and 
all demurrage or other charges incurred by failure to unload cars or boats 
within the time alotted therefor by the transportation companies. He 
shall check against the shipping lists all parts and pieces of material 
as they are unloaded and shall properly report the same to the 
Engineers. 
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P. 48. Loss of Metal and Other Materials 

If anj" metal or other material bo lost or damaged in transit or during 
erection or at any time bt'fore the completion and final acceptance of the 
work, it sliall Ix' replaec'd at his own ex])ense by the ("ontractor who is 
responsible for the materials when they are lost or damaged. 

P. 49. Contractor's Plant 

As soon as possible after the contract for the construction is signed, 
the C\)ntraetor, if so requested, is to prepare and submit to the Engineers 
for their a])])roval a comi)lete list of field plant, and is to indicate thereon 
wdiich parts the Contractor already possc'sses and which Ik! has yet to 
purchase. If tlu* EngimxTs are not convinccHl that the proposed field 
plant is sufficic'iit to complete the entire work properly and within thr 
time limit set in the specifications, the Contractor must supplement the 
list as the}’’ may direct. 

P. 50. Notice of Commencement of Field Work 

For each bridge covered in the contract the Contractor shall give to 
the Purchaser formal written notice of his (hvsire to b(*gin fi(4d operations; 
and these shall not be started until proper written authority has been 
granted in answer to such notice. 

P. 51. Listrumental Work in Field 

The Contractor will be given bench-marks and points at various inter- 
vals throughout the structure; and he must provide his own men and 
instruments for determining aligiumait, elevations, and positions for all 
constructions between such [xmits, subject to the che(^k and corrections 
of the Engineers. In view of this understanding no excuse for delay will 
be considennl because; of all(‘ged failure; on the part of the Engineers to 
give the Contractor any informatiem that could be obtained by instru- 
mental work. Again, while the ]^ngine»ers make the estimate's of quanti- 
ties of finished or partially finished constructions, they do not ])repare nor 
even chock the; C\)ntractor\s bills of mate'rials. Whenever the Engine(;rs 
so reqiK'st, the C'ontractejr shall provide them, at his own e'xpeiise, with 
inte;llige'nt workmen to aid in minor capacity in making measurements — 
for instance, in tai)ing, rodding, picketing^ setting points, stakes, and 
targets, and such like; work. 

P. 52. Engineers' Field Office 

Th(‘ ( jjiitracior sluill i)rovide at his own e;xp(;nse for each structure, at 
some i)lace; convenient to the work at the; bridge; site;, a comfortable and 
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sufficiently commodious office, to be used solely hy the Eiigine(TS during 
the entire construction of the said structure. The location of the saicl 
office in each case is to be determined by the Engineers; and the character 
of the building provided must meet with their approval, it being under- 
stood that serviceable, but not elaborate nor expensive, construction will 
be demanded. The said office building shall remain the property of the 
C;!ontractor after the completion of the structure. 

P. 53. Arch Centres , Forms, Staging, Runways, and Falsework 

The Contractor shall furnish all arch centres, forms, staging, runways, 
and falsework; and there shall be no direct paym(»nt therefor, unless 
thenj be made properly in writing a special agreemf*nt to the contrary. 
The Contractor shall build all falsework and staging of ad('quate strength 
to support safely the loads imposed upon them without injurious defor- 
mation or settlement. 

The Contractor shall provide suitable forms, and their design shall 
be adapted to the structure and to the kind of surface required on the 
concrete. The forms for concretes surfac(\s which will b() exposed to view 
shall be made of lunibcT which is dn'ssed on both edges* and on the faces 
next to the concrete, and tlie pieces shall be straight so as to insure a 
tight form that will prevent the leakage of mortar. Forms shall be sub- 
stantially built and supported in such a manner as to prevent bulging or 
deformation from the weight or ramming of the concrete. All exposed 
corners and edges of concrete construction an; to be rounded off to a 
two-inch radius, or as shown on the drawings. 

Before the removal of forms the concrete shall have aitained a strength 
which, in the opinion of the lingineers, will ])ro\’(nt injuiy from such re- 
moval. Falsework shall ])e maintained und(T all constructions until such 
time as the concrete is al>lc to sustain both itself and any load that is 
likely to come ui^on it with absolute safety to the concrete. 

Although the designs for all forms, staging, falsework, and arch centres 
are to be prepared by the Contractor, they are to be submitted to the 
Engineers for their approval before being used. 

In all cases the Contractor is to be responsible for and must make 
good any injury arising from inadequate forms or falsework, or from the 
premature removal thereof. 

I. 54. Removal of Debris 

Upon the completion of his contract the (or each) Contractor shall 
remove all surplus material, temporary structun's, and ddbris rc'sulting 
from his operations in new construction, reconstruction, or removal of old 


* For the very best results the use of tongued-aml-grooved lumber or ship-lup 
is advisable. 
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structures; find he shall leave the premises in a neat, orderly condition. 
Falsework timbers and })iles are to be removed to the level of the ground, 
or the level of the river bed, or as direcsted by the Engineers. The river 
and channel must be cleared of all piles, falsework, and ddbris to the 
satisfaction and acceptance of ; and such ac- 

ceptance must be secured in writing by the Contractor before withdrawing 
his equipment from the site. 


P. 55. Metal 

Unless otherwise specified all metal shall be medium steel. Rivets 
and bolts shall be made of soft steel; rolled shafts and pins of machinery 
steel; pinions and other forgings of the steel hereinafter specified for 
forgings; bushings of bronze, unless otherwise specified; washers for 
timber bearings of malleable iron; and all other castings of cast steel, 
unless othermso specified. For special conditions nickel steel or other 
alloy may be used. Cast iron shall not be emplo 3 a‘d in bridges, excepting 
for thick base plates and lami)-posts, or unless special written permission 
or instructions to do so be given by the Engineers. 

P. 56. Requirements for Carbon Steel 

All steel shall be manufactured b}'' the open-hearth process and shall 
conform to the following requirements: 

The phosphorus and sulphur must not exceed the percentages given 
in the following table: 


Impurity 

Soft 

Steel 

Medium 

Steel 

Machinery 

Steel 

UgH 

Forged 

Steel 

Phosphorus — Bjisicstrc*!. . . 

0.04 

0.04 

0.04 

0.05 

0.05 

Phosphorus — Acid steel . . . 

0.04 

0.06 

0.06 

O.OS 


Sulphur 

0.04 

0.05 

0.05 

0.05 



These values are for analyses on test ingots taken during the pouring 
of the melts as well as for check analyses on the finished product in the 
case of machinery steel and forged stec^l. For check analyses made from 
finished material an increase in these values of twenty-five (25) per cent 
will be allowed. 

The ultimate tcasilc strength per square inch shall fall within the 
following limits: 


Rivet steel 46,000 lbs. to 54,000 lbs. 

Medium steel 60,000 lbs. to 70,000 lbs. 

Machinery steel 70,000 lbs. to 80,000 lbs. 

Cast steel Not less than 70,000 lbs. 

Forged steel Not less than 80,000 lbs. 
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The elastic limit, as determined by the drop of the beam, shall be not 
less than fifty (50) per cent of the ultimate tensile strength. 

For rivet steel and medium steel the percentage of elongation in eight 
inches, as determined on the test specimens, shall be not less than 1,500,000 
divided by the ultimate tensile strength, except that for material less than 
five-sixteenths (^e) inch and more than three-quarters (^) of an inch 
in thickness the following modifications will be allowed: 

a. For each one-sixteenth (Vie) inch in thickness below five-sixteenths 
(%$) inch a deduction of two and one-half (2J^) will be allowed from 
the specified percentage. 

b. For each onc-cighth (l/Q inch in thickness above three-quarters (^) 
of an inch a deduction of unity will be allowed from the specified 
percentage. 

c. For pins and rollers over three (3) inches in diameter a deduction 
of five (5) will be allowed from the specified perccmbige. 

For machinery steel and cast steel th(i elongation in two (2) inches 
shall be not less than cight(j(m (18) per cent, and for forged steel not less 
than twenty-two (22) per cent, as determined on the test sj)ecimens. 

The nduction of ar(»a for cast steel shall not be less than twenty-five 
(25) per cent, for forged steel not less than thirty-thrcic^ (33) per cent, and 
for machim^ry steel not less than thirty-five (35) per cent, as determined 
on the test specimens. 

In the cas(? of small or imimportant castings, a test to destruction on 
three castings from a lot may be substitut('d for the tension and bending 
tests. This test shall show the material to be ductile, free from injurious 
defects, and suitable for the purpose intended. A lot shall consist of all 
castings from one melt in the same annealing charge. 

V. 57. Requirements for Nickel Steel 

The requirements for nickel steel have not reached the same stage of 
perfection as have those for carbon steel. The American Society for Test- 
ing Materials has adopted a very good sc't of sp('cifications for nickel steel, 
but the author is assured that a better quality than therein prescribed can 
be obtained from the Manufacturers. Elastic limits of 55,000 and, pos- 
sibly, 60,000 pounds per square inch for structural shapes can be secured. 
This will cost slightly more per pound for the rolled material, but less 
in toto for the finished structure. However, it has been m^cessary, so far, 
to take up each case with the Manufacturers {is it arises and arrange for 
the qualities of the steel at such a time. This procedure will be necessary 
until nickel steel is more generally used and until the better grades are 
easily procurable. 

P. 58. Identification of Metal 

Each ingot shall be stamped or marked plainly with its proper melt 
number; and this melt number must be stamped or painted plainly on 
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all blooms, billets, or slabs niacle from such ingots, in order to identify the 
material throughout its various processes of manufacture; and the melt 
number must be stjnni)ed plainly on each piece of finished material 
Kivc^t and lacing st(*el and small pieces for pin-plates and stiffeners may 
be shipped in buiitlh's, securely wired together, with the blow or melt 
number on a metal tag attached thereto. 


P. 59. Methods of Testing of Steel 

The chemical determinations of the perc('ntag('s of carbon, phosphorus, 
suli)hur, and manganese shall Ix' made by the Manufacturer from a test 
ingot tak(m at the time* of the pouring of each melt of steel, and a correct 
copy of such analysis shall be* furnishetl to the Enginex'rs. (^he'ck analyses 
shall be made from finished material representing each melt, if called for 



by the Engineers. For rollers, pins, anel shafts, the drillings for a check 
analysis shall be takem at any pe)int midway be*twe*e*n the* e!e*ntre {ind the 
surface of the roller, pin, or shaft, eir from a full-sized project iem thereof; 
or turnings may be lak(*n from a test s[)ecim(*n. For cast steel the drill- 
ings shall be* taken not less than oiie-quartcT (J4) inch beneath the surfac‘3 
of the casting. 

The t(*nsile str(*ngth, elastic limit, elongation, and reduction of area of 
plates, shapes, and bars shall be determined by loading to a point of rup- 
ture a specimen machined to the form and dim(*nsi()ns shown in Fig. 79a, 
in which the thickness of the te.st specimen shall be* that of the finished 
material, except that for plat(\s and eye-bar flats over one and one-half 
( 13 ^^) inches in thickness the; specimen may be machined to a thickness or 
diameter of at least threfi-cjuartcTs (^) of an inch for a length of at least 
nine (9) inch(;s. For i)ins, rollc*Ts, and bars (except eye-bar flats) over one 
and oiKj-half (Ij^) inches in thickness, and for forgings, castings, and 
shafts and pins of machinery steel, the test specimens shall be of the 
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form and dimensions shown in Fig. 79b. Test specimens of rivet steel 
shall be of the full section of rods as rolled. 

Specimens for bending tests shall be similar in outline to those used 
in tension tests for plates, shapes, bars, and rivets, except that test speci- 
mens for eye-bar flats shall always have a thickness equal to the thickness 
of the finislunl bar. l^ending-tcst specimens for pins, rollers, and bars (ex- 
cept for eye-bar flats), and for forgings, castings, and shafts and pins of 
machinery steel, shall b(? one (1) inch by onc^half inch in section. 

Test specimens shall be taken from rolled steel in the condition in 
which it comes from the rolls, (except as noted above for plates and eye- 
bar flats over one and on(;-half {i]/Q inches thick, and for pins and rollers, 
in which cases the axis of the spcH^imcm shall be located at any point 
midway IxitwcMiii th(^ (;entre and the surface and shall be paralkil to the 
axis of the bar. The t(‘st sijccimen shall be taken from the bar itself or 



from a full-sized extension of the bar. For pins and shafts of machinery 
steel and for forgings tlu' speciimm shall lx* taken from the piece itself 
or from a full-sized ])rolongation of the same paralhd to its axis. It shall 
be taken midway between the centre* and surface and shall be cut parallel 
to the axis of the T)iecc. For cast steel th(^ test specimens shall be cut 
from coupons moulded and cast on some portion of one or more castings 
from each melt or from sink heads, if the heads are of sufficient size. If 
the castings weigh less than five hundred (500) })ouiids, or are of such 
design that coupons cannot be attached, two test bars shall be cast to 
represent ('ach meJt; or the quality of the castings shall be determined 
by tests to destruction as hereinbefore specified. 

Every melt from which material is furnished must be represented by 
the tests, ami the test specimens shall be cut by the mill from finished 
material so selected by the Inspector that the different sizes and shapes 
in the order shall be as well represented as possible. Material which is 
to be used without annealing or further treatment shall be tested in the 
condition in which it comes from the rolls. When material is to be an- 
ncialed or otherwise treated for use, the test specimens representing such 
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material shall undergo the same treatment as the pieces from which they 
are cut. 

P. 60. Number of Test Pieces of Steel 

At least two tensile tests and two bending tests shall be made on 
specimens from different ingots of each melt, except in the case of small 
melts for which the number may be reduced to one. A bending test shall 
be made with each tensile test, if required; and, if desired, it may be 
mad(? on the broken test pieces of the tensile tests. 

If material for various shapes is to be rolled from the same melt, the 
specimens for testing are to be so selected as to represent the different 
shapes rolled from such melt. Lots for testing shall not exceed twenty 
( 20 ) tons in weight; and plates rolled in universal mills or in grooves 
shall constitute a separate lot, as shall also sheared plates, angles, chan- 
nels, or beams. Each melt, however, must be considered as a special 
lot and tested accordingly. 

The number of tests of steel castings will depend upon the character 
and importance of the said castings, but each annealing charge as well as 
each melt must be represented by a test. 

For forgings at least one test specimen shall be prepared for each ten 
forgings of each kind; but not less than two specimens shall be made 
for any single kind of forging. Each annealing charge, as well as each 
melt, must be represented by a test. 

If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

If the percentage of elongation of any tension test specimen is less 
than that specified and if any part of the fracture is more than three- 
quarters (^ 4 ) of an inch from the centre of the gauge length of a 2 -inch 
specimen or is outside of the middle third of the gauge length of an 
8 -inch specimen, a retest will be allowed. 

The Inspector will be permitted considerable latitude in respect to the 
number of tests required, reducing it when the metal runs uniformly and 
increasing it when it does not. 

P. 61. Bending Tests for Steel 

Specimens of medium steel cut from plates, shapes, and bars shall 
bend cold through 180 degrees without cracking on the outside of the 
tent portioil, as follows: For material three-quarters {%) of an inch or 
under in thickness, flat on itself; for material over three-quarters (%) of 
an inch to and including one and one-quarter (lH) inches in thickness, 
around a pin the diameter of which is equal to the thickness of the speci- 
men; and for material over one and one-quarter 0.]4) inches in thickness, 
around a pin the diameter of which is equal to twice the thickness of the 
test specimen. 
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Angles three-quarters (^) of an inch and less in thickness shall open 
flat, and angles one-half inch and less in thickness shall bend shut, 
cold, under blows of a hammer, without sign of a fracture. This test 
shall be made only when required by the Inspector. 

Specimens for eye-bar flats shall bend cold through 180 degrees with- 
out cracking on the outside of the bent portion as follows: For material 
three-quarters (%) of an inch or under in thickness, around a pin the 
diameter of which is equal to the thickness of the specimen; for material 
over three-quarters {%) of an inch to and including one and one-quarter 
(1)4) inches in thickness, around a pin the diameter of which is equal to 
twice the thickness of the specimen; and for material over one and one- 
quarter {lli) inches in thickness, around a pin the diameter of which 
is equal to three times the thickness of the specimen. 

Test specimens of pins, rollers, and other bars of medium steel shall 
bend cold through 180 degrees around a one-inch pin without cracking 
on the outside of the bent portion. 

Test specimens of rivet steel shall bend cold through 180 degrees flat 
on themselves without cracking on the outside of the bent portion, and 
nickel steel specimens, bent 180 degrees around a pin the diameter of which 
is the same as that of the specimen, shall not break with an abrupt, square 
fracture, but shall show a gradual break and a fine, silky, homogeneous 
fracture. 

Test specimens of machinery steel and forged steel shall bend cold 
through 180 degnies around a one-inch pin without cracking on the out- 
side of the bent portion. 

Test specimens for cast steel shall bend cold through 90 degrees around 
a one-inch pin without cracking on the outside of the bent portion. 

P. 02. Drifting Tests for Steel 

Medium steel shall be so ductile that the drifting of rivet holes, punched 
within two (2) inches of a sheared edge, till their diameters are incr(}ased 
fifty (50) per cent, shall not crack the metal. Machinery steel shall not 
crack, when similarly tested, till the rivet hole is increased twenty-five 
(25) per cent in diameter. 

P. 63. Fracture of Steel 

All carbon steel broken test pieces of rolled material and all broken 
eye-bars must show a silky fracture of uniform color. Cast steel may 
show a fine granular fracture. 

P. 64. Tests of FulUSized Eye-Bars 

Full-sized eye-bars may be tested to destruction, provided notice bo 
given in advance of the number and size required for this purpose, so 
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that the material may be rolled at the same time as that required for the 
structure. The number of tests of full-sized eye-bars will depend upon 
the size of the order and upon the regularity of the r(?sults of the tests. 
In general, for small orders, the number of tests shall be about tliree (3) 
per cent of the number of eye-bars in the order, but never less than two 
(2) bars for an order for a single span. For large orders the niunber of 
tests shall be about two (2) per cent of the number of (iye-bars in the order. 
Should the Inspector find the bars to be very uniform in stn'iigth, elas- 
ticity, and ductility, and fully up to the specifications, he shall be at 
liberty to reduce the number of tests of full-sized bars. In the ease of 
testing long bars, it mil be allowable to choose a bar at random from a 
number of finished bars, cut it in two, and upset the end of each piece, 
thus making two t(\st-bars. 

Full-sized bars of medium carbon steel must show an ultimate tc^nsile 
strength of at least fifty-six thousand (56,000) pounds per sciuare inch. 
The elongation shall not be less than fourtcum (14) pcT cent in a gauged 
length of ten (10) feet; and the elastic limit shall not be less than fifty 
(50) per cent of the ultimate strength of the bar. Any lot of steel bars 
which meets the i)rcceding n'quirememts shall 1x5 acceptcxl, if none of the 
bars which break in the (\v(‘ show an ultimate strength, elastic limit, or 
elongation less than that specjified for the bcxly of the bar, unless one- 
fourth (34) the full-sized siimples so tested break in the ('ye. In case 
of failure to meet any of these requiremc'iits, the lot from which the sample 
bars were taken shall be rejected. All full-sizcid sample bars which break 
at less than the ultimate strength specified, or which do not otherwise 
fill the specifications, shall be at the expense of the Contractor; unless, in 
case of those that br(;ak in the ey(‘, h(i shall have; made objection in writ- 
ing to the form or dimeiisioas of the heads before manufacturing the 
eye-bars. All others shall be paid for by th(^ Purchaser at the contract 
price of finished m(?talwork on cars at shops, h'ss th(^ s(!rap value of the 
broken bars. 


P. ()5. Tents of Full-Sized Built Menibers or Details 

In addition to the spcicimen tests and eye-bar tests hereinbefore de- 
scribed, the ('ontractor may be required to makcj, at his own expense, 
und(;r th(^ dinjction of the Kngineers or of their laspector, any tests of full- 
sized mc^mbers or details that the Engineers may im^scribo, provided that 
the said members or details are similar to thoscj used on the work, and 
provided that the total cost to the Contractor fjf such extra tests does 
not exceed one-quarter (34) of one per cent of the total contract price 
of the work. 


P. 66. Finish of Rolled Steel 

All finished steel as it comes from the rolls shall be free from scams, 
cracks, and flaws of all kinds, and shall be smooth and clean in finish. 
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P. 67. Plates 

Plates rolled on the universal mill may be made from slab ingots, but 
all other plates shall be formed from slabs made by rolling an ingot and 
cutting off the scrap. The ingot sliall have at least twice the cross- 
sectional ar(?a of the slabs made from it, and the slabs shall be at least 
six times as thick as the plates made from them. 

P. 68. Fwgings 

Forgings shall be free from cracks, flaws, seams, or other injurious 
imperfections, shall conform to th(^ <lim(^nsions shown on th(j drawings, 
and shall lx* mad(i and finished in a workmanlike manner. All forgings 
shall bo annealed. No forging shall be done at less than red heat. 

P. (H). f^leel Castings 

Steel castings shall bo fnx' from injurifnis blow'-hok's, true; to pattern, 
and of workmanlike* finish, all corners Ix'ing pro^xTly fille^ted. All steel 
castings shall lx* thoroughly ann(*aled, sufficient time being taken to ensure 
annealing throughout. 

When the beiiring surface of any ste(*l casting is finished, there shall 
be no blow-hol(*s visible* (*xceeding one (1) inch in either dimension, nor 
exceeding oiu'-half {] 2 ) scpiare inch in ari'a. The length of blow-holes 
cut by ail}'- straight line laid in any din'ction shall nev(;r exccjcd one inch 
in anj'' oik^ f(K)t. 

The corn'ction of defects in castings by welding elcctricall.y, by thermit, 
or by similar processes Avill not be permitted. 

P. 70. Iron Castings 

Except where chilled iron is specified, all iron castings shall be of 
tough gray iron, with not more than 0.10 jxt cent sulphur. They shall 
be true to ixitt(*rn, out of wind, and free from flaws and excessive shrink- 
age?. They shall be substantially of the thicknesses required by the plans, 
and they shall have sharp and clean angles, lines, and mouldings and 
fill(;t(?d corners. 

Tests shall be made on a round bar one and one-quarter (13i) inch 
in diameter and 15 inches long. The transv('rse test shall be made on a 
length of 12 inches with a load at the middle. The? minimum breaking 
load so applied shall be 2,900 pounds, with deflection of at least one-tenth 
(Yio) inch before rupture. 

P. 71. Bronze Bushings 

For low-unit pressures on joumal bearings and where the speed is 
high, all bushings shall be composed of phosphor bronze of the following 
composition; 
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Copper 79.7 per cent 

Tin 10.0 per cent 

Lead 9.5 per cent 

Phosphorus 0.8 per cent 


The amount of tin shall not be less than nine (9) per cent nor more 
than eleven (11) per cent. The amount of lead shall not be less than 
eight (8) per cent nor more than eleven (11) per cent. The amount of 
phosphorus shall not be less than seven-tenths (%o) nor more than one 
(1) per cent. The amount of ingredients other than copper, tin, lead 
and phosphorus shall not exceed one-half (}/^) of one per cent. 

Specimen tests of the allo}’ must give the following physical results: 


Compression 

Elastic limit in pounds per square inch 13,000 to 15,000 

Permanent set in inches from a load of 100,000 

pounds per square inch 0.27 


The elastic limit is based on a set of 0.001 inch in one (1) inch. 


Tension 

Yield point in pounds per square inch 20,000 

Ultimate strength in pounds per square inch. . . 25,000 

Elongation, percentage in two inches 4 

Reduction of area, per cent 3 


For high unit pressures on journal bearings and where the speed is 
low, and for centre disks of cc?ntre-b(*aring swing-spans, the bushing metal 
shall be of the following composition: 

Copper 85.2 per cent 

Tin 14.0 per cent 

Phosphorus 0.8 pcT cent 

The amrj’.mt of tin shall not be less than thirteen (13) per cent nor 
more than fifteen (15) per cent. The amount of phosphorus shall not 
be less than seven-tenths (/lo) p(T cent nor more than one per cent. The 
amount of ingredients other than copper, tin, and phosphorus shall not 
exceed one-half {l/Q of one p(;r cent. 

The approximate physical results from this composition on a cylinder 
with an ar(?a of one (1) square inch and one (1) inch long shall be: 

Compression 

Elastic limit in pounds per square inch 20,000 to 22,000 

Permanent set in inch(?s from a load of 100,000 

pounds per square inch 0.12 to 0.16 

j’ The elastic limit is based on a set of 0.001 inch in one (1) inch. 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 1779 


P. 72. Babbitt Metal 

Babbitt metal shall have the following composition: 

Tin, two (2) parts; zinc, one (1) part; and to this must be added 
antimony to the amount of five (5) per cent of the total weight of the 
tin and zinc. 


P. 73. Pins and Shafts 

Pins and shafts up to four (4) inches in diameter, unless otherwise 
specified, may be rolled; those of greater diameter shall be forged. The 
rounds from which the pins and shafts are to be turned must be true, 
straight, and free from all injurious flaws or cracks. All forged pins and 
shafts shall be reduced to size from a single bloom or ingot until perfect 
homogeneity is secured throughout the whole mass. The blooms or ingots 
shall have at least three times the cross-sectional area of the finished pins 
or shafts made from them. No forging shall bo done at less than red 
heat. 

All pins and shafts sliall be turned accurately to a gauge, and shall 
be finished perfectly round, smooth, and straight. All pins up to six (0) 
inches in diameter shall fit the pin holes within one-fiftieth (%o) of an 
inch; and all pins over six (6) inches in diameter shall fit their holes within 
one-thirty-second of an inch. 

Th(; (Contractor shall provide a sufficient number of pilot nuts for each 
size of pin to preserve the threads while tlu^ pins are being driven. 

P. 74. Reinf arcing Bars 

All bars for reinforcing shall be deformed bars having lugs, corruga- 
tions, or other deformations which present to the concrete a positive 
shoulder having an angle of not less than forty-five (45) degrees with the 
axis of the bar. Ihirs with deep corrugations liable to form air-pockets or 
with deformations having a wedging action tending to split the concrete 
will not be accepted. All reinforcing material shall be rolled from billets 
and shall be of medium steel, uniform in charactcT, and manufactured by 
the open-hearth process. Any attempt to substitute steel manufactured 
by the Bessemer process, or from old steel rails, will be considered a vio- 
lation of the contract and adequate reason for its cancc'llation. All fin- 
ished material as it comes from the mills shall bo free from all flaws, 
cracks, or other defects, and must have a clean finish. 

P. 75. Permissible Variations in Weight and Gauge 

The cross-section or weight of each piece of steel shall not vary more 
than 2.5 per cent from that specified, except in the case of sheared plates, 
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which shall be covered by the following permissible variations to apply 
to single plates: 

(а) When Ordered to Weight . — 

For plates 12}^ lbs. per sq. ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified 
weight; 

100 in. in width or over, 5 per cent above or below the specified 
weight. 

For plates under 12)^ lbs. per sq. ft.: 

Under 75 in. in width, 2.5 per cent above or below the specified 
weight; 

75 to 99 in., inclusive, in width, 5 per cent above; or 3 per cc'iit 
below the si)ecified \veight; 

100 in. in \vidth or over, 10 per cent above' or 3 pe'r e!i;nt below 
the specified we;ight. 

(б) When Ordered to Gauge . — The thickness e)f eae*h i)late shall not 

vary more than 0.01 in. under that orele'red. 

An exee?ss ove'r the nominal weight e*e)rre'sponeliiig to the; 
dimensions on the ord(;r shall be alle)we'd for e'ach ])late', of ne)t 
more than that shown in the fedlowing table, one' (1) cubic inch 
of rolleel steel being assume'el to we'igh 0.2833 lb.: 


Thicknc^ 

Ordered, 

in. 

Nominal 
Weight, 
libs, jier 

Sq. Ft. 

Allowable Exci*».s fExpKE.s.sKi> a.s Pkiic'Entaoe of Nominal Weight). 
For Width ok Plate as Foi.iiOWs; 

Under 
.50 in. 

.50 to 
69 in. 
Incl. 

70 in. 
or 

Over 

Under ! 
75 in. ' 

7.5 to 

99 in. 
incl. 

' 100 to 
j in in. 

' Inrl. 

11.5 in. 
or 

Over 

i to A 

5.10 to G.:i7 

10 

15 

20 





* “ -h 

6.:37 ‘‘ 7.05 

S.5 

12.5 

17 





A “ \ 

7.05 10.20 

7 

10 

1.5 

... 1 




\ 

10.20 





10 

14 

IS 


'\€ 

12.75 




s 

12 

10 


i 

15.:30 

... 



7 

10 

Vi 

17 

iV 

17.85 

1 ... 1 


1 •• 

<3 

S 

10 

Vi 

i 

20.40 



' ’ 

5 

7 

\) 

1 12 

A 

22.05 




4.5 

<>..5 

8.5 

11 

i 

25.50 

1 



4 1 

0 

8 

10 

over i| 



1 


[ 

:3.5 

1 

5 

0.5 

9 


P. 76. Sheared Edges 

All sheared anel hot-cut edges shall have not le;ss than onei-quarter 
Q/Q inch of metal re‘me)ve3d by planing te) a sme)oth, finished surface. 
Lacing-bars, fillers, stay-plates, late;ral-brae;ing e;onne?cting plates, and top 
and bottom edges of plate-girder we;bs only will be exempt from this 
requirememt. No sharp or unfillcted re-entrant comers will be allowed 
anywhere in the work. 
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P. 77. Drifting 

No drifting to distort the metal will be allowed. If a hole must be 
enlarged to admit a rivet it must be reamed. 

P. 78. Straightening 

All material must be thoroughly straightened beiore being laid off or 
worked in any way. 

P. 79. Annealing 

In all casc\s where a steel piece, in which the full strength is required, 
has been i)artially heated or bent, the whole piece must be subsequently 
anneah'd. In picc(»s of secondary importances where the bending is slight, 
the said bending is to be done cold, and no annc'aling in such cases will 
be called for. Crimped web-stiffeners will not need annealing. 

P. 80. Rivet Holes 

Rivet hoh's must be accurately spaced; Uks us(s of drift pins will be 
alIow(‘d only for bringing together the several parts forming a member, 
and they must not be driven with such force as to distort the metal about 
the holes. The distance between the edge of any piece and the centre 
of a rivet hole must never be less than one and a half (lyf) inches, ex- 
cepting for lattice bars, small angles, and where especially shown other- 
wise on the Engineers’ drawings; and whenever practicable this distance 
shall be at least twice the diameter of tin* rivet. 

P. 81. Rivets 

Rivets when driven must completely fill the holes, and must have 
full heads conccmtric with the rivet holes. Shop rivets must be driven, 
w'lienever practicable, bj’^ a machine capable of retaining tli(' appli(‘d pres- 
sure after tlu* upsetting is completed. Elscwh(jre the pneumatic hammer 
shall be used if possible. The rivet heads must be full and neatly fin- 
ish('d, of approved hemispherical shape, in full contact with the surface, 
or be counter-sunk when so required, and of a uniform size for the same 
sized riv(its throughout the work; and they must pinch the connected 
pieces thoroughly together. Flattened heads may be used in certain 
places, if necessary for clearance. Except where shown otherwise on the 
drawings, all rivet diameters arc to be seven-cightlis (J^) of an inch. 
No loose or imperfect rivets will be allowed to remain in any part of the 
metalwork. 

When rivets have a grip exceeding four (4) inches they arc to be tapered, 
the amount of total taper varying from one-sixteenth (/(e) to three-six- 
teenths (Xe) of an inch according to the length of grip. All long rivets are 
to have their points cooled slightly by dipping them in water. 
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In driving extra-long rivets it is necessary to api)ly a piummatic ham- 
mer at each end of the rivet. 

P. 82. Field Riveting 

All field rivets are to be driven by pneumatic hammers of type and 
size to be approved by the Engineers. The* shanks of the rivets must be 
of uniform circular section throughout ((‘xcepting in the case of unusually 
long rivets, which must he. tapered and cut square at end); and they 
must be free from projections or oth(T imperfections which would prevent 
the head from fitting closely before the rivet is driven. 

The Manufacturer of the Metalwork* is to i)rovi(le a completes equip- 
ment of field rivets, with an excess allowancie for waste for each kind of 
rivet used equal to fifteen (lo) per cent of the number theoretically called 
for plus ten (10); and the Erecting Contractorf will be required to furnish 
at his omi expense any rivets above that exc(\ss which may be needed. 

P. 83. Sub-Punching and Reaming 

All rivet holes in steel work, if punched, shall be made with a punch 
three-sixteenths {%q) of an inch in diametcT less than the diameter of the 
riv(^t intended to be used, and they shall b(‘ renamed to a diametcT oiu*- 
sixteenth (Yiq) inch greater than that of the saitl rivet. 

All the pieces to lx? riveted together shall be assembh'd and l)olt(»d 
together before the reaming is dom*; for the principal obj(»cts of sub- 
punching and reaming are to insun' tluj eorn'ct matching of rivet hoh'S and 
the avoidance of holes of excessive dianu'b'r, as well as the removal of most, 
if not all, of the incipient cracks startc'd by tlu' punching. All reaming 
is to be done by means of twist -drills, the use of tapered reamers being 
prohibited except where twist-reamers cannot he emi)loy(*d. All hol(*s 
must be at right angk's to surface of member, and all sharp or raised 
edges of holes under heads must be slightly rounded off bt'fonj the rivc^ts 
are driven. All holes for fi(dd rivets, excepting those for lateral and 
sway-bracing, when not drilled to an iron templet, shall bcj reamed while 
the connecting parts are temi)orarily assembled. 

Punching shall not be permitted in any piece in which the thickness 
of the metal exceeds the diameter of the cold rivet that is to be used; 
but all such pieces shall be drilled. 

Holes in lattice bars and batb'n plates may be punched full-size. 

All punched work shall be so accurately done that after the various 
component pieces are assembled and before the reaming is commenced, 
forty (40) per cent of the holes can be entered easily by a rod of a diam- 
eter one-sixteenth (/{q) of an inch less than that of the punched holes; 

* Replace by Contractor if the Manufacturer erects. 

t Replace by he if the Manufacturer erects. 
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eighty (80) per cent by a rod of a diameter one-eighth (J/0 of an inch 
less than same; and one hundred (100) per cent by a rod of a diameter 
one-quarter (J4) of an inch less than same. Any shopwork not coming 
up to this requirement will be subject to rejection by the Inspector. 

Graphite shall, preferably, be the lubricant for reaming; but oil may 
be used, if desired. The Contractor will not b(i allowed to employ soap- 
suds without special permission from the Engineer. 

P, 84. Reaming Connections 

Wherever practicable, reaming must bo done after all the piecc^s which 
ar(^ to b(^ fastened together by the same rivets have been assembled. If 
noec'ssary to tak(^ the? piece's apart for shipping or handling, the resjM'ctive 
piece's n'amed togethiir must be so markcnl that they may be n'asscmbled 
in thci final setting up. No interchanging of pieces after reaming will be 
allowed. 

All rivetc'd truss('s and all fowlers for movable bridge's shall be assembled 
and drilled or reamed in the shop. 

All splicc'd iiK'inbers shall be put together in the shop, and the field 
rivet holi's therefor shall be reamed to a fit while these members with 
their splice platc's ar(i hi place. All spliced chord sections or columns must 
be assernbl(Hl and strung out in the shop in lengths of not less than three 
sections, and after being drawn into contact at the joints and lined up 
perfectly with s])lic(^ platc's in place, the field rivet holes shall be n'Jimed 
to a fit l.)('fore taking apart, and the assc'mbled parts with their splice plates 
shall bo match-mark(?d so that they may be reassembled in the final 
setting up. 

All field connections in the floor system must be n'amed to a fit eitluT 
whil(' th(' memlx'rs an? assembled in tin? shoj), or by using an accurate 
steel or cast iron templet not less than one inch thick. 

P. So. Marking a?id Match-Marking 

All members shall be plainly and well markc'd in accordance with the 
erection diagram, and all members assembled for reaming or drilling 
shall be match-marked so that they may b(? readily assorted and reas- 
sembled in the field. 

P, 86. Milling Beams and Stringers 

The floor-beams must be milled on both ends to correct length after 
the end connection angle's are in place, and the? said end connection angles 
must be so accurately fitted that not more than one-sixteenth Cji^) of an 
inch will be tak(?n off them at their roots. The abutting ends of canti- 
hiver beiuns must be milled in the same manner. 

The end connection angles of stringers arc to be riveted to the webs 
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with the whole stringer assembled in an iron frame which will give the 
exactly correct h'ligth of stringer and the correct position of the angles. 

P. 87. Built Members 

Built members must, when finished, be true and free from twists, kinks, 
buckles, or op('n joints between the component piece's. All abutting sur- 
faces of compression members must be planed or turne'd to even bearings 
so that they shall be in as perfect contact throughout as vnn be obtained 
by such means; and all such finisheid surfaeies must be protected by white 
lead and tallow before shipmc'nt from the shop. 

The ends of all webs and of chord or flange angles that abut against 
other webs must be fac('d true and squan^ or to exact bevel; and the 
end stiffeners must be plact'd perfectly flush with thc'se planed ends, so 
as to afford a proper Ix'uring. Filling plates beneath end stiffc'ning angles 
must be practically flush with the said angles, and must in no case pro- 
ject outside of same at the bc'arings. All stiffeners must have a tight, 
driving fit at both upp('r and lower flang(?s of girders. No W('b plate will 
be allowed to project beyond the flange angles or to reced(i more than 
one-eighth (yS) inch from faces of same. 

All filling and splice plat('s in riveted work must fit at their ends to 
the flanges sufficiently close to be sealed by the paint against th(' admis- 
sion of water; but they need not be t(M)l finishcMl, unk'ss so specially in- 
dicated either on the drawings or in the sp(K;ifications. Edges of spliced 
web plates must be faced so as to provide close contact throughout the 
entire depth, unless special written ptTmission to the contrary be given. 

P. 88. Limits of Error in Structural Steel 

No piece having an error of onc'-thirty-s(»cond Cm) ^f an inch b(i- 
tween centres of pin-holes, or one-fifti(5th Clr>o) in the diam- 

eter of the pin or its hole, will be accc'pted. 

P. 89. Camber 

Truss sf)ans shall b<; cambered as notc'd on the drawings. Plate-girder 
spans need not be cambennl. 

P. 90. Correction of Secondary Stresses 

The secondary stresses in rivc^ted trusses are to bo modified by length- 
ening and shortening the various truss members the amounts of their 
respective shortening and lengthening und(?r d(?ad load plus one-half the 
live-plus-impact load, drilling or njaming the chord splices while the chords 
arc assembled in straight lines, then forcing the truss members into their 
proper positions for connection to each oth(;r before drilling or reaming 
the holes in the joints. 
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P. 91. Eye-Bars 

Except in the case of loop-eyes, no weld will bo allowed in the body 
of the eye-bar. The heads of the eye-bars shall ho, made by upsetting, 
rolling, or forging into shape. A variation from the specified dimensions 
of the heads will be allowed, in thickness of one-thirty-sccond {% 2 ) Df 
an inch bciiow and orie-sixteenth (/ie) ^f an inch above that specified, and 
in diameter of one-fourth (34) of an inch in either direction. Eye-bars 
must be perfectly straight before boring. 

P. 02. Pin-Holes 

All pin-holes must be bored truly parallel and at right angles to the 
axis of th(i member, unk^ss othcTwise shown on the drawings; and in 
l)icces not adjustable for length, no variation of more than onc-thirty- 
s(‘coiid (*, 32 ) of an inch will be allowed in length betwcicn centres of 
pinhoh's. 


P. 03. Turned Bolts 

When members are connected by bolts which transmit shearing-stresses, 
the holes must b(^ reiamcMl parallel, and the bolts must be turned to a driv- 
ing lit. The threaded portions of tunied bolts shall be one-eighth (34) of 
an inch less in diarnetcT at root of thread than th(‘ body of the bolt. 

P. 94. Turjibuckles, NutSf Threads, and Washers 

All sleeve-nuts, tumbucklc's, and clevises must bo made so strong and 
stiff that they will be abk* to resist without ru])ture the ultimate pull of 
the members which tln^y (connect, and without distortion the greatest 
twisting moment to which they could ever be subjc'cted. Th(»y must be 
made so .that the threaded lengths of the rods engaged can ho verified. 

The* dimensions of all square and hexagonal nuts, except those on the 
ends of pins, shall be such as to develop the full strength of the^ body of 
the adjustable member. No round-headed bolts will be allowed unless 
sp(*cially indi(;at(*d on the drawings. 

Washers must be used under the heads of all timb(»r bolls when the 
bearing is on the wood, and all waslu'rs and nuts must have uniform 
bearing. All washers are to ho made of inalk»ahle iro!i of good quality, 
and th(^y must be sufficiently large and thick to provide properly for 
distributing the pressure due to the greatest allowable temsion in the bolt 
over the area of the washc'r. They must bo finished in a neat and Avork- 
manlike manner and must be free from all defi'cts. 

All threads, except those on the ends of pins, must be of the United 
States standard. Each adjustable nut must be provided with an effective 
nut-lock or check-washer. 
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P. 95. Rollers 

Pound rollors and the rolling surfaces of segmental rollers shall be 
accurately turnc'd to a gauge, and must be finished perfectly round and 
to the correct diameter or diamc'ters, from end to end. The sides of 
s('gmental rollers need not be finished, but they must Ixi forged straight 
and true. The tongues and grooves in plates and rollers must fit snugly, 
so as to prevent latc'ral motion. Holler-beds and shoes must be planed. 

P. 90. Ajichor Bolts 

All bod plates and bearings must be boltcxl to th(^ masonry either by 
fox bolts or by bolts set in the masonry during its construction. In the 
case of fox-bolting, the (Contractor for Erection must drill all holes and 
set the bolts to place with Portland cement grouting. All anchor bolts 
shall be of soft steel with t7nited States standard threads. The lengths 
of the nuts for all anchor bolts shall be (iqual to or gn'ater than the diam- 
eter of the bolt. Anchor bolts are not to be painted before shipment; 
but the exposed portions thereof, aftcT erection, shall receive two (2) coats 
of paint when the other metalwork is painted. 

P. 97. Steel Hand-Rails 

Hand-rails,* as shown on the accompanying drawings, are to be fur- 
nished by the Manufacturer of the Metalwork and put in place by the 
Contractor for Erection. They an? to be laid and firmly attaclu'd truly to 
line and elevation from end to (‘iid of striK^tun*. Any sliding jennts f)ro- 
vided are to be made perfectly operative. The entire hand-railing is to 
be finished to tlu* satisfaction of the Engineers. 

P. 98. Name-Plates, Patent-Plates, and Year-PUitcs 

Name-plates, patent-plates, and year-plat(^s of design to be prepared 
by the Engin(!ers shall be furnished and attached in the various plac('s 
and in the manner requinxl by the Engineers. They shall be of cast 
iron or bronze, as specified on the drawings. 

1. 99. Steel Tapes 

The Contractor who furnishes the; metalwork shall, immediately after 
the execution of his contract, furnish the Purchas(;r, free from charge, one 

steel’ tape fifty (50) f(;(;t long, and another ( ) fe(;t 

Jong, both guaranteed to agree exactly with the shop standards of the 
manufacturer of the metalwork. 

*Omit portion in bold face type if the Manufacturer is to erect. 
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V. 100. Machinery in General 

The first part of the (example given will suffice for this clause for 
movable bridges in general except where such additional requirements 
are deemed advisable as given for swing spans. 

Example 

Unless othcTwise indicatc^l on the drawings, all cast portions of the 
machinery shall b(i made of cast steel, all rolled shafts and pins shall be 
made of machinery steel, and all forgings shall Ixi made of forged steel. 
The machinery shall be finislunl and machined according to the best 
machine shop practice and to th(^ satisfaction of the Engineers; and the 
limits of accuracy whic^h the ( ^mtractor desires to observe in machining 
the work and tlic^ allowances for tapcT-shrinkage or pressed fits shall be 
placed on the (Contractor’s working drawings, but the approval of the 
said drawings by the Enginciers shall not relieve the Contractor from full 
responsibility for the satisfactor}'^ coiLstruction and operation of the 
machiner>^ All machinery shall be satisfactory to the Engineers, and the 
CContraetor shall furnish the PurchascT with a guarantc^e (satisfactory to 
the PurchascT) to rc'plaee, frc'e of charge, f. o. b. ears at the railway sta- 
tion nearest thc‘ bridges site' (to bc' d(\signatc‘d by the Purchaser) any and 
all parts which may fail or othcTwisc' prove to be defective within one 
yc'ar of the date on which the bridge is put in scTvicJC. 

If it should be* found that the Manufacturer has varicnl from the' Engi- 
neers’ plans without rcHfc'iving from thc'm special written permission to do 
so, and if such variation should, within the said one year, cause any 
brc'ak-down or accident, the (Wtractor not only will be required to re- 
pair the damage* to the machinery but also will be lic'ld ix'cuniarily rci- 
sponsiblc^ to the* Purchasc'r for all expense to the latter due to such failure. 
If the (Contractor have any objc'ction to any features of the machinery, 
as designed, hv. must state his objc'ction immediately in writing to the 
EngiiKMTs before any parts are manufacdurcHl; othcTwise his objc^ctions 
will be ignored, if offered as excuse for ilefc'ctivc; or broken machinery. 

All parts of the machinery in contact with other parts or with its 
supports shall be* machin(»d so as to provide true bearing; and all sur- 
faces in rotating or sliding contact with other surfaces shall be finished 
true to dimensions and polished. All bearings shall be provided with 
oiling device's satisfactory to the Engineers. All bronze bushings shall be 
oil-groov('d and scTapc'd to a true fit on the* journals. Other surfaces 
shall be left in a neat and workmanlike condition, but need not be ma- 
chined for the sake of ap])(iarance. All bearings shall be attached to their 
supports with turned bolts of the same diameters as the holes, and dowels 
shall be addend if the Enginciers require thc'm. 

All castings shall be properly cleaned; and all fins, seams, and other 
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irregularities shall be removed, so that the castings shall have clean, 
smooth surfaces. Drainage holes of adequate size shall be drilled in all 
places where water is likely to collect. Unfinished bolts may have a play 
of one-sixteenth C/ie) of an inch in bolt holes. All turned bolts must have 
the diameter of the shank at least one-c'ighth inch greater than the 
diameter of the threaded portion, and they must have a driving fit in 
the bolt holes. 

For the swing span all ivtick segments are to be planed on both sides and 
at the joints. The surfaces on which the rollers bear shall be planed to 
true bevel. Toothed segments forming the rack shall be accurately fitted; 
and particular care shall be taken to make th(^ ends abut properly and 
to have the pitch of the teeth a(;curate at the joints. The periphery and 
the upper fac(' of the tec'th shall be planed, and the pitch line shall be 
scribed thereon. The ra(;k segments shall be so madci or so fitted to 
those of the track as to have th(^ centre line of the track exactly concentric 
with the pitch line of th(^ rack. 

All rollers shall be turned to the correct diameters with thc' corners 
chamfered. The hubs shall be accurately bored and facicnl at each (»n(l. 

Pivot-stands and centre castings of swing spans shall be properly fin- 
ished and fitted. Special can? must be taken to have the base faced 
truly at right angles to the axis, and turned on the circumfercmce con- 
centric with th(? axis. 

The rollers, tracks, drum, and girders ov(t drum shall be com])letely 
assembled in thc' shop bcjfore shipm(?nt, all holes being niamcHl to fit and 
the sections being match-marked. Every roller must have a true bearing 
on both the upper and the low('r tracks during a comph^te revolution of the 
span. Before the assembling of the rollers is done, there must be marked 
on both the upper and the lower track segments a circle of the same diam- 
eter, which circles will come a trifle inside of the extenor ends of all rollers; 
then, after the tum-tabl(j is perfcictly adjusted, each roller is to be marked 
where these circles touch it. After the turntable is disconnecled each 
roller is to be set up properly in a lathe, and the extcirior p(‘rii)hery is to 
be chamfered off exactly to the points markcul, so that when the turn- 
table is set up in the field, if thc^ exterior of ea(;h roller is brought exactly 
to the circles on the two tracks, the rollers will all be in th(Mr proper posi- 
tions. These lines on the tracks will serve also afterward to line up the 
rollers whenever the turntable is to be adjusted. 

Steel discs and th(*ir bearings must be accuratc^ly turned and finished 
to gauge, and must be oil-tempered. After hardening tiny shall be accur- 
ately ground to their final finish. Steel and phoHj)hor-bronze discs shall 
have their sliding surfaces finished to a high polish. 

All journals shall be turned with a fillet at each end, unless otherwise 
called for on the drawings, and they shall liave a good, workmanlike fit 
in their bcjarings. All hubs of wheels, pulleys, couplings, etc. shall be 
bored to fit close on the shaft or axle. If the hub performs the functions 
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of a collar, the end next to the bearing must be faced. Holes in hubs of 
toothed gear-wheels must be bored concentric with the pitch circle. 

All gears shall be made of cast steel and shall have cut teeth. All 
teeth are to be of the involute type having twenty (20) degrees obliquity. 
All bearings shall be bushed, as shown in the drawings. All pinions shall 
be made of forged steel and shall have their teeth cut from the solid metal. 

The principal parts of the machinery on the movable span and the 
portions of the structural steelwork which support it shall be assembled 
in the shop, and all holes for connection of the machinery to the steel- 
work shall be drilled while the parts are thus assembled. All bolts for 
connecting the various parts of the machinery to other parts or to the 
steelwork shall be turned to a driving fit wherever shear may come upon 
them. 


P. 101. Hand-Operating Machinery 

In addition to the power machinery there is to be, as shown on the 
accompanying drawings, machinery that will operates the movable span 
by man-pow(;r in case of any break-down of the other machinery or of 
any failure of power. 

Machinery for Vertical Lift Spans 
P. 102. Tower-Sheave Bearing Connections 

Each pair of bearings shall be assembled, aligned, and adjusted to 
correct relative position with their shafts placed in them, on a steel plate 
not less than one-quarter (J4) inch thick; and holes shall be drilled through 
the plate corresponding to the holes for bolts in the bearings. The plate 
shall then be jJaced and aligiKnl on the structural supports — ^which must 
be complot(;ly assembled— and the bolt holes drilled. A separate plate 
shall be employed for each pair of bearings; and it shall not be shorter 
than the total length of the shaft nor narrower than the total width of 
the bearings. 

P. 103. Indicator 

A mechanical indicator for the moval)le span shall be ]>laced in the 
operator's house', and so arranged as to give the operator the exact loca- 
tion of the movable span at any time during the? operation. 

P. 104. Counterweight and Operating Ropes and Their Attachments 

A. All wire rope shall be made by John A. Roebling's Sons Company, 
or some other manufacturer approved by the Engineers. 

B. The counterweight ropes shall be made of plow steel wire and 
shall consist of six (6) strands of nineteen (19) wires each, laid around a 
hemp centre. 

C. All ropes shall be laid up in the best possible manner and shall 
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be thoroughly soaked in an approved lubricant during the process of 
manufacture. 

D. The counterweight ropes sliall be made from wire which has 
been tested in the presence of an inspector designated by the Engineers, 
and which for sizes 0.076 inches to 0.190 inches in diameter exhibits the 
following physical properties: 

o. The tensile strength per square inch shall not be less than 220,000 

pounds for wire 0.190 inch to 0.151 inch diameter, nor less than 225,000 

pounds for wire 0.150 inch to 0.126 inch diameter, nor less than 230,000 

pounds for wire 0.125 inch to 0.101 inch diameter, nor less than 235,000 

pounds for wire 0.100 inch to 0.076 inch diameter. 

6. The total ultimate elongation measured on a piece 12 inches long 
shall not be less than 2.4 per cent. 

c. The number of tiiinw a i)i(H‘c 6 inches long can be twisted around 
its longitudinal axis without rupture shall not be less than 1.4 divided 
by the diameter in inches. 

d. The number of times the wire can be bent 90 degrees alternately 
to the right and to the left over a radius equal to twice its diam(^t(^r with- 
out fracture shall be not less than six (6). This test shall be made in a 
mechanical bender so constructed that tlie wire actually conforms to the 
radius of the jaws and is subjected to as little tensile stress as possible. 

E. Each rope^ shall, if practicable, be made in one* i)i(T(i. Its breaking 
strength, as determined by the tests described in paragraph G, shall not be 
less than 


5,000 lbs. if diameter 

12.000 lbs. if diameter 

21.000 lbs. if diameter 

34,0(K) lbs. if 5 diam(?t(?r 

47.000 lbs. if diameter 

63.000 lbs. if diameter 

81.000 lbs. if 1" diameter 

101.000 lbs. if 13 ^" diameter 

124.000 lbs. if 13 ^" diameter 


151.000 lbs. if 15 ^" diameter 

170. 000 lbs. if 13 ^ 2 ^' diam(?ter 
198,(X)0 lbs. if diameter 

239.000 lbs. if 1?^" diameter 

270.000 n)s. if 1]4 " diaiiK^ter 

299.000 lbs. if 2" diameter 

378.000 lbs. if 234 " diameter 

474.000 lbs. if 23^^" diameter 


In case the breaking stnmgth of the rope fall l)elow the values cited 
above, the entire length from which the t(?st pi(icc^s w(T(^ taken sliall be 
replaced by the Manufacturer with a new kjngth, th(i strength and phys- 
ical qualities of which come up to the specifications. 

F. All sockets used in connection with this rope shall be forged, 
without welds, from solid steel, if it is ]X)ssible to obtain them. In cases 
where this cannot be done, they may be steel castings, but only with the 
specific written permission of the Engineers. In every case the dimen- 
sions shall be such that no part under tension shall be loaded higher than 

65,000 pounds jier square inch when the rope; is stn'ssed to its ultimate 
strength as named above. The sockets must be attached to the rope by 
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a mothoil whicli is a1)sohifi(^]y rc'liabhi and which will not permit the rope 
to slip in its connection to the socket. 

G. In order to demonstrate the strength of the rope and its fasten- 
ings, a number of t(\st piec(^s, not more than 10 per cent of the total num- 
ber of finished lengths which will be ultimately made, nor less than two 
from each original long length, and not more than twelve (12) feet long, 
shall be cut, and shall have sockets, selected at random from those which 
are to Ix^ used in filling the ord(T, attached to their ends. These test 
pi(?c('s are to be stressc^d to destruction in a suitable testing machine. 
Under this stress the rope must develop the ultimate strength given in 
paragraph E. '^fhe sock(‘ts must be so fast('n(xl to the rope that there 
shall be no slipping of the rope in t.h(^ l)ask(‘t. If slipping should occur, 
th(*u the iruithod must be changed until one is found whereby slipping 
can be entirely avoidcxl. The sockets thems(^lv(\s shall be stronger than 
the rope with which tiny are used. If one should break during the test, 
then two otlxTs shall Ijc sc'lccted and attached to another piece of rope 
and the t(ist n^pc'ated, and this process shall be continued until the in- 
spcMitor is satisfic'd of their reliability, in which case the lot shall be ac- 
ccjptc'd. If, howevc'r, 10 ])er cent or more of all the sockets tested break 
at a load less than thc^ minimum ultimate strength of the rope given in 
paragraph E, then the entire lot shall be rcjjcHjtcMl and new ones, made of 
hc'avier type or of stronger matc'rial, shall be furnished. 

The length of (Mich rope from iaside of bearing to inside of bearing of 
sock(?ts shall be dc'termined, and a metal tag having the said length 
stamped thereon shall be securely attachc'd to the said rope. 

The Purchaser resc'rvc^s the right to tc'st each ^\^re rope connection, 
after its attacliment is made, up to one-half of the ultimate strength of 
the rope, and if it show the least sign of weakness, it shall be rejected 
and replaced. 

The Manufacturer shall provide proper facilities for testing, and shall 
make at his own cjxpense all the tests recpiired. All tests shall be made 
ill the presence of anlnsjiectorwhoreprc'sc'nts and is paid by the Engineers. 

All ro]M?s shall be shipped on reels the minimum diameter of which 
is at Ic'ast thirty times that of the ropes, and tlu^y shall be? uncoiled for use 
by revolving the reel. 

P. 105. Rope Dressing 

As soon as the movable span is reiwly for operation, the Erecting Con- 
tractor shall furnish and apply to all ropes two coats of Whitmore’s No. 1 
cable; drc'ssing, manufacturcHl by the American Specialty Manufacturing 
(.Company, of (yl(;veland, Ohio, or of any othc'r dressing which the Engi- 
neers approve;. The dressing shall be applied to the satisfaction of the 
Engineers. 

I. 106. Locking Apparatus 

As shown on the drawings, there is to bo an apparatus for locking the 
moving span into place before it is used for passage. This apparatus is 
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to be operated by power. It is so arranged that it has 


to be released before the bridge can be opened for moving, and so that it 
has to be applied before the bridge can be used for traffic. 

P. 107. Equalizing Levers and Pins 

The equalizing levers connecting the ropes to the counterweights shall 
be of either forged or rolled medium steel, and all their pins which are 
more than four (4) inches in diameter shall be of forged steel. Pins 
smaller than four (4) inches in diameter shall be made of rolled machinery 
steel, in accordance with these specifications. The levers shall be neatly 
finished substantially to the dimensions shown on the drawings. 

V. 108. Counterweights 

There should be presented here a complete description of the counter- 
weight, or else a reference to the drawings if the counterweight is shown 
there in detail. The method of determining the weight of the concrete to 
be used shall be given as well as the method of constructing the counter- 
weight. The exact balancing of the span shall be called for. The paint 
to be used shall likewise be specified. 

Example 

The counterweights shall be constructed, as shown on the accompany- 
ing drawings, of steel frames surrounded by concrete. Before the construc- 
tion of the first counterweight is begun the Contractor shall make blocks 
of concrete, not less than ten cubic feet in volume, of the materials to be 
used in the counterweights; and these blocks, when seasoncjd, shall be 
carefully measured and weighed, to determine as nearly as practicable^ the^ 
probable weight of the conen^te in the counterweights. Forms and false- 
work, both subject to the Enginejers' approval, shall be constructed of 
ample strength to support themselves and the counterweight eluring con- 
struction; or else the counterweights shall be built in forms attached to 
the counterweight frames, which shall be conne)cted to the suspeneiing 
cables that pass over the main sheaves and attach to the lifting span. 
Counterweights must be of correct weight to balance the span, and the 
Contractor shall adjust and correct them as required. The exposed sur- 
faces of concrete of counterweights are to be painted with two coats of 
special concrete paint to be specified by the Engineers. 

Electrical Equipment 
P. 109. Material and Workmanship (Electrical) 

In the electrical machinery the material and workmanship are to be 
first class in every particular, and the said machinery is to be complete 
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in every detail and device necessaiy for the perfect operation and con- 
trol of the movable span. The machinery is to be manufactured and 
erected to the satisfaction of the Purchaser, and the Contractor must 
furnish the Purchaser a satisfactory guarantee to replace, free of charge, 
any parts which may fail or otherwise prove defective within a period 
of twelve (12) months after the work is officially accepted. If the Con- 
tractor have any objections to any features of the electrical equipment 
as designed, he must state his objections immediately in writing to the 
Engineers; otherwise his objections will be ignored, if offered as excuse 
for defective or broken apparatus. 

I. 110. Direct-current Electric Motors 

Direct-current electric motors shall be employed to perform the various 
operations necessary to open and dose the movable span. Direct emrent 
at volts nominal pressure shall be used. Motors of the size, char- 

acter, and make specified on the; drawings, or equivalent motors accept- 
able to the Engiiwiers, shall be erected, installed, and properly connected 
with the machinery and with the controllers. Each motor shall be ca- 
pable of producing the maximum starting torques and the normal torques 
with corresponding spec'ds, as indicated on the pc'rformance curves shown 
on the drawings. They sliall further be subjected to the standard test of 
the Aim^rican Institute of Electrical Engimjcrs, viz.: After one-half hour^s 
run at the rateni load and voltage? under normal conditions of ventilation 
and cooling, the? tempe^rature? of any part of the motor windings shall 
not e;xcced by more than fifty (fiO) degre?e?s Centigraele that of the sur- 
rounding air, if the said te?mpeTature of the surrounding air is twenty-five 
(25) degrees Ontigrade. The? permissible rise in temperature shall be 
incre?{ised or de?cre?ascd one-half of one? per cent for each degree Centigrade 
that the surrounding air is less than or gre?ateT than twenty-five (25) 
de?grees (centigrade. Duplicate motors shall operate at substantially the 
same? spe?e'el uneler the? same loael and voltage?. Each me)tor shall be tested 
by the Manufacturer l)eforc shipment, and shall deTOonstratc its ability 
to mee?t the? above require'ments for t(?mpe?rature, torque, and speed. 
They shall be weatherproof, and shall have stee?l frames, ironclad arma- 
tures, anei fe?e?t extended from frames, all as shown on the drawings. 

The Contractor shall furnish, free of charge, the following additional 
parts for each size of motor, viz. : one armature, one set of field coils, one 
set of carbon brushes, and one set of back gears, if these arc supplied with 
the motors. All these parts shall be fitted and furnished in such a man- 
ner that they may be installed in their places without further fitting or 
adjustment. 

I. 111. Alternating-current Electric Motors 

Alternating-current electric motors shall be employed to perform the 
various operations necessary to open and close th^ movable span. A 
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phase, cycle alternating current at volts nominal pressure 

shall be used. Motors of the size, character, and make specified on the 
drawings, or equivalent motors acceptable to the Engineers, shall be 
erected, installed, and properly connected with the machinery and with the 
controllers. Each motor shall be subjected to the standard test of the 
American Institute of Electrical Engineers, viz.: After one-half hour's 
run at the rated load, voltage, and frequency, and under normal condi- 
tions of ventilation and cooling, the tempcTature of any part of the; motor 
windings shall not excec'd by more than fifty (50) degr(;es Centigrade 
that of the surrounding air, if the tempe'ratun; of the surrounding air is 
twenty-five (25) degrees Centigrade. The i)ermissibl(; rise in tempera- 
ture shall be increased or decrease^d one^-half of one per cent, for each de;- 
gree Centigrade that the surrounding air is less than or greater than 
twenty-five (25) degrees Centigrade. Duplicate; motors shall o])erate at 
substantially the same spew'd under the* same* load and voltage. Each 
motor shall be tested by the Manufacturer before; shipment, anel shall 
demonstrate its ability to men't the above; re'ciuiremenits for temperature 
and the requirements for torcjiie and spen^d as give'n on the drawings. 
They shall be weatherproof, and shall have steel frame's anel feet c'xteneled 
from the fnunes, all as shown on the' drawings. 

The Contractor shall furnish fren; of charge the following additional 
parts for each size of motor, viz.: (Give the parts for the particular type 
of motor used that are subject to destruction by the breaking down of 
the insulation, etc.)* 

L 112. Controllers and limslances 

*Thcre shall be one type controlle'r located in the operator’s 

(machinery) house, capable of governing the ope^rating motor. The 

controller shall be of the type' with steps, anel 

shall be so arrangeel anel wired that the' se)le'noiel brake on the armature 
shaft of the motor will be re'le'ased e>n the; first j)oint of the controlle'r and 
the motor started on the se'e*ond point of the; controlle'r. The; controller 
shall be equipped with magnetic l)low out, and, if fitted with interlocking 
reversing cylinder, shall be so interlocked that the reverser cannot be 
thrown when the mote)r is taking curre'nt. 

Suitable resistance of ample capacity shall be furnished so that the 
motor can be starte;d anel operateid from stanelstill to full speeel withemt 
causing injurious sparking at the commutators of the motor and without 
shock or jar to the brielge. All resistance's shall be mounted so as to be 
free from injurious vibration and so as to have free ventilation. 

(Add similar clauses for additional motors, if other motors are em- 
ployed, as for end lifts, locks, etc:) 

* This clause as wriiion assumens that th(;ri' is one inotnr and one controlkr for 
operating the span. If there be more than one motor or controller, it must be suit- 
ably modihod. 
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All motor and manual controls shall be vso interlocked that no succes- 
sive operation can take place until the preceding operation has been 
properly performed. 

V. 113. Electric Power Wiring and Electric Cables 

This clause will depend on the type of movable span employed. In 
the case of a draw-span it is generally necessary to carry the cables from 
the fixed spans under the rivtir to the pivot pier, although in some in- 
stances it is possible to carry tlie wire's overhead to the centre of the 
span. In lift and bascules spans the supply wires, as a rule, can be carried 
on the superstructure without passing under the' river. 

This clause should give the source of supply at which the Contractor 
has to make his conm'ctions. It should specify the size, construction, 
and characteristics of the win's and cables reqiiirt'd, the size and quality 
of conduits, and tlui apparatus for protecting the feciders, as well as the 
layout and workmanship of the (complete; sJ^stem. 

Example 

All wiring from a source of supjdy not more than one hundred (100) 
feet distant from each end of tlw' movable? span, togetlu'r with all neces- 
sary apparatus and appurt(Tiances, shall lx? furnished and placed by the 
(Contractor. 

All wiring on th(' spans shall be doubk'-braided, rubber-covered, copper 
wire of ample capacity to carry the currents required by the motors for 
maximum loads to the switchboard with drop in i)otential not to exceed 
five (5) per cent. No win' shall be less than No. 12 B. & S. gauge. The 
wires shall be drawn, without injury to either themselves or the insula- 
tion, into loricated pipe' conduits or equivali'iit conduits acceptable to the 
Engineers. These conduits shall have as few bends as possible, and shall 
be directly connected to all apparatus so as to provide? a weatherproof 
housing for the wires. Eacli fec'der shall be protectc'd by a pole switch, 
fuse, and lightning arrester mounted on a non-(;ombustible and non- 
absorbent insulating base. (For alternating currents all the phase wires 
shall be placed in one conduit.) 

For the V'^ertical Lift Span. — Running vertically on the towers there 
shall be No. 000 trolley wires i)roperly fastened to and insulated from 
them as sliowii on the drawings. These trolley wires shall be connected 
to the sources of supply by 300,000 cm. double-braided, rubber-covered 
cables composed of nineteen (19) strands of tinned copper wire of not 
less than ninety-eight (98) per cent .conductivity. Collectors attached to 
the feed wires on the span shall engage the trolleys for the full movement 
of the span. 

For the Draw Span. — ^The conductors for the swing span shall consist 
of steel-armored, subaqueous cables with two independent conductors. 
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one for the supply and one for the return current. Each cable shall be 
of sufficient capacity to carry safely the necessary current to operate the 
bridge with full overload on the motors as specified. Each cable shall 
be composed of nineteen strands of tinned copper wire of not less than 
ninety-eight per cent conductivity. The insulating wall of rubber shall 
not be less than five thirty-seconds of an inch thick, containing not less 
than thirty per cent of pure Pard mbber. There shall be one winding of 
tape, and a lead sheath three thirty-seconds of an inch thick, containing 
three per cent of tin alloy; also a substantial jute and asphalt covering 
and an armor of galvanized steel wire of suitable size for the diameter 
of the cable. The cables shall show at sixty degrees Fahrenheit an in- 
sulating resistance of five hundred megohms per mile after five minutes of 
electrification. These cables shall be brought up through the centre pivot, 
with collector rings to carry the current to the controlling apparatus while 
the bridge is swinging. These collector rings shall be protected by movable 
metallic casings. 

The subaqueous cables shall be carried across the chaniuJ from the 
fixed span to the pivot pier in a trench to l)e excavated in the river-bed 
not less than five feet deep and filled up after the cable is placed. 

Proper return circuits shall be provided to carry current from the 
swing span to the ground circuit. 

P, 114. Switches and Switchboards 

The switchboard shall be of first-quality slate, so large that all meters, 
switches, cut-outs, fuses, etc., thereon may be safely and easily reached 
and operated by the bridge operator. All switches, cut-outs, and but- 
tons shall have suitable name plates and shall be properly labeled in 
accordance»with their purpose and use. The switchboard shall be mounted 
on a substantial iron support braced to the wall. 

An automatic circuit breaker equal in quality to the laminated type 
I-T-E" Standard and of ample capacity shall te placed on the motor cir- 
cuit between the feeders and the switchboard devices. Each cable, each 
line of motors, and each line of lighting, signal, indicator, or other circuit 
shall be protected by suitable fuses of a pattern approved by the Engi- 
neers. Switches of the quick-break, railway iy\)e shall be provided for 
each feeder, and for each motor circuit, each solenoid circuit, each signal 
circuit, and each lighting circuit, also for bridge lights and semaphore 
lights. An indicating wattmeter and a voltmeter, made by the Western 
Electrical Instrument Company, or equivalent meters acceptable to the 
Engineers and of the capacity called for on the drawings, shall be furnished 
and mounted on the switchboard. All switchboard appurtenances nec- 
essary for the satisfactory operation of the electrical apparatus described 
in these specifications shall be furnished, whether specifically mentioned 
or not, and bidders will submit with their tenders a complete statement 
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of the appurtenances included. One set of extra carbons for each kind 
of circuit breaker and ten extra fuses of each kind used shall be furnished. 

All switches, circuit breakers, and other appurtenances shall have 
ample capacity for the greatest current the motors may use. 

P. 115. Grounds 

All ground connections to the structure shall be made with proper 
soldered terminals secured to a copper plate of ample area fastened to the 
return street railway circuits. Care shall be taken to locate the connec- 
tions so that there shall be ample metal and proper circuits to return 
the current without damage to the structure. Ground trolleys, similar 
to the feeder trolley, shall he placed at both ends of the fixed structure. 
They shall have ample ground-connection separate from the structure. 

P. 116. Solenoid Brake 

Each motor shall be supplied with a standard solenoid brake of the 
same manufacture as the motor, mounted on the armature shaft and 
supported on the steel work. The brake shall be released on the first 
point of the controller and applied when the current is turned off, the 
motor being started on the second point of the controller. The brake shall 
be of ample capacity to brake the motor efficiently. One (1) extra spool, 
two (2) extra shoes, and six (6) extra springs for the solenoid brake shall 
be furnished. 

P. 117. Ldmit Switches 

Suitable limit switches shall be supplied and shall be so arranged that 
the electric current will be automatically cut off and so that the solenoid 
brake will be applied to the motor governed by it, when the movable 
span approaches either limit of its motion. The limit switch shall be 
so constructed that the point of cut-off shall be positive blit adjustable 
by the oiX3rator. A suitable short-circuiting spring switch shall be fur- 
nished and placed convenient to the operator, so that power may be 
supplied to the motor after the limit switches have operated. 

V. 118. Service Lights and Roadway Lights 

Wherever a movable span is employed, it is necessary to provide ser- 
vice lights in the machinery house, operator’s house, gate tenders’ houses, 
and stairs, and at other points on the span where machinery or walk- 
ways to the machinery are to be found. The current for the service 
lighting system is generally taken from the feeders for the operating 
machinery. Where highway traffic crosses a structure, roadway lights 
are generally used. This is invariably the case on city bridges. Either 
one or both of these lighting systems may be required, depending on the 
uature of the structure; and this clause must be written with that in 
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view. The circuit for the roadway lighting system should be indepen- 
dent of the circuit for service lights where both systems are used; for, 
as a rule, the source of supply of current is different, because alternating 
current is preferable for the roadway lights and direct current for the 
operation of the span and the service lights, where both currents are 
available. 

This clause should give the system employed, whether series or parallel 
(and in the latter case the number of wires used). The voltage or cur- 
rent, the number and type of lamps, the number and style of glol)es, the 
kind of wire and conduits for wire, switches, protection for the circuit, 
and all details necessary for the complete and proper installation of the 
system should be specified. Usually, merely the number of lamps is speci- 
fied for the service system, and these are expected to be placed in series 
so that each lamp will have the proper voltage. 


Example (Service Lights) 

There shall be placed in each machinery or operator’s house ten (10) 
sixteen (16) c.-p. lights disposed about the room as may be directed; 
and there shall be placed ten (10) sixteen (16) c.-p. lights distributed 
among the outside machinery and at stair landings, as may be direeted, 
the lights on the stairs to be controlled by a switch at foot of stairs as 
well as on the switchboard. 

In each gate-tender’s house there shall be placed two (2) sixteen (16) 
c.-p. lights; and on each of the four roadway gates there shall be placed 
five (5) sixteen (16) c.-p. lights with red glotes. Lights located outside 
shall have weatherproof sockets. Each set of lights shall be controlled 
by proper switches on adequate switchboards. 

All lamps, globes, sockets, wires, cut-outs, conduits, and other appur- 
tenances necessary for the complete opt;ration of the service lights shall 
be provided. The wiring shall be run in loricated pipe conduits, or other 
conduits approved by the Engineers; and these conduits shall be securely 
fastened to the structure. All wires shall be double-braided, nibber- 
covered, copper wire, none of which shall be smaller than No. 12 B. & S. 
gauge. They shall be drawn into the conduits without injury to either the 
wire or its insulation, and all joints in the wire shall be cleaned, soldered, 
and double-taped with rubber tape and friction tape. 

Example (Roadway Lights) 

The bridge shall be illuminated by tungsten lamps surrounded by 
clear glass globes, fourteen (14) inches in diameter. Each globe shall 
contain two one-hundred (100) watt tungsten lamps with water-proof 
sockets, suspended from a bracket attached to the trusses. A pliable 
rubber bushing shall be used in attaching the lamp sockets to the bracket. 
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80 as to relieve the lamps of any jar or vibration caused by moving loads 
on the bridge. 

'The lighting system' shall be three (3) wire, two hundred and twenty 
(220) volt, with one hundred and ten (110) volts between the neutral 
wire and either outside 'vire. A connection to the source of supply shall 
be provided at each end of the bridge. A control box shall be placed at 
each source of supply and shall contain the necessary switches and fuses 
to protect and control the lights. Between the control box and the feeder 
service there shall be placed a lightning arrester, a pole switch, and a fuse, 
mounted on a non-absorbent, non-combustible, insulating-base and en- 
closed in a weather-proof box. 

Thirty-six (36) lights, four (4) on each span, each containing two (2) 
lamps, arc required. 

The wiring shall be run in loricated pipe conduits, or other conduits 
approved by the Engineers; and these conduits shall be seciurely fastened 
to the structure. All wires shall bti double-braidcul, rubber-covered 
copper wire, none of which shall be smaller than No. 12 B. & S. gauge. 
They shall be drawn into the conduits without injury to cither the wire 
or its insulation, and all joints in the wire shall be cleaned, soldered and 
double-taped with rubber tape and friction taiK\ 

All lamps, globes, socjkets, wires, cut-outs, conduits, and other appur- 
tenances necessary for the complete oix'ration of the lighting system shall 
be provided. All work shall (^onfonn to the National Electric Code for 
this particular class of work, and all materials and workmanship shall he 
first class in every respect, and subject to the inspection and approval of 
the Engineers. 

Example (Roadway Lights) 

The structure is to be illuminated by an electric lighting system. 
There shall be furnished and installed all lamps, globes, conduits, wiring, 
and all other apparatus and appurtenances necessary for a complete series 
Tungsten Lighting System, taking current from the Kansas City Electric 
Light Company’s 6.6 ampere constant current feeders at the east end of 
the structure. There will be two circuits. The circuit for lighting the 
upper roadway will have sixty 125 watt, 6.6 ampere, constant-current- 
series, tungsten lamps. lOach lamp will be supported on a cast-iron 
standard and will be surrounded by an opal glass globe 14 inches in diam- 
eter. The circuit for lighting the lower roadway and the stairways 
will have fifty-six 75 watt, 6.6 ampere, constant-current, series, tungsten 
lamps. Each lamp shall be supported on a cast-iron standard or bracket 
and shall be surrounded by an opal globe twelve (12) inches in diameter. 
All wiring shall be drawn into Sherardized steel pipe conduits of a satis- 
factory type so as to be free from all flaws or mechanical injuries. All 
wires shall be No. 6 high-tension, lead-covered, okonite, stranded coppe^r 
wire of best quality. The conduit shall be encased in the concrete as the 
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latter is placed; and it shall be properly supported and arranged so that 
later the wire may be drawn into place. Suitable expansion joints shall 
be provided, and all connections shall be made in the conduits so tha^ 
they shall conform properly to the requirements of the structure. Cut- 
outs shall be provided for each light. All joints between pipes and be- 
tween pipes and boxes shall be made water tight. The entire lighting 
system shall be constructed in a thoroughly workmanlike manner and to 
the satisfaction of the Engineers. 

V. 119. Signal and Semaphore Lights 

The United States Government requires the installation of a system 
of lights to mark the clear channel for all navigable streams and to show 
the position of the movable span where such a span is used. This clause 
should specify the requirements for the particular type of span employed. 

Example 

Signal lights, as required by the United States Government, shall be 
provided and placed on the piers and the movable spans. 

For the lift span, the following lights shall be furnished. At each end 
of each tower pier there shall be one red light placed near the top of the 
pier. Vessel signal lamps shall be attached to the lower chords on both 
the up- and the down-stream sides of the lift span, each signal consisting 
of a double electric lantern having eight-inch Fresnel lenses colored green 
and red. They shall be wired so as to be controlled from the operator's 
stand to show either green or red; and there shall be provided in the 
operator’s house a green and a red lamp so mounted as to denote which 
circuit is glowing. 

For the swing span the following lights shall be furnished: at each 
end of the draw protection, at each end of each side pier, and at each 
side of the pivot pier, there shall be one red light placed near the top of 
the pier. Three signal lamps shall be placed on the top of the truss span, 
one at each end over the portal and one on the top of the central tower, 
each signal consisting of a double electric lantern having eight-inch Fresnel 
lenses colored green and red. They shall be wired so as to be controlled 
from the operator’s stand to show cither green or red, and a green and a 
red lamp so mounted as to denote which circuit is glowing shall be provided 
in the operator’s house. 

All lights, both red and green, shall be visible on a dark night with 
a clear atmosphere at a distance of not less than 2,000 yards. All lights 
are to be shown from half-round, pressed, Fresnel lenses eight (8) inches 
in diameter with an arc of illumination of one hundred and eighty (180) 
degrees. The lamps are to be enclosed in substantial metal lanterns, 
firmly attached as may be approved. The lights on piers at the sides 
of the channel shall be controlled from the gate-tender’s house. 
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All lanterns, lamps, sockets, wires, conduits, and other appurtenances 
necessary for the complete operation of the signal service and semaphore 
lights shall be provided. The wiring shall be run in loricated pipe con- 
duits or other conduits approved by the Engineers; and they shall be se- 
curely fastened to the structure. All wires shall be double-braided, rub- 
ber-covered, copper wire, none of which shall be smaller than No. 12 
B. & S. gauge. They shall be drawn into the conduits without injury to 
cither the wire or its insulation, and all joints in the wire shall be cleaned, 
soldered, and double-taped with rubber tape and friction tape. 

P. 120. Indicator Lights for Span Operation 

Signal lamps shall be provided to indicate the open and closed posi- 
tions of the locks, end-lifts, gates and span. They shall be located 
in the operator’s house on the switchboard. They shall show clear when 
the span is ready for bridge traffic, and shall show rod for open positions 
when the span is closed to traffic. Each indication must be sufficiently 
accurate to permit safely the canying out of the succeeding operatioas. 

Adequate (Jonta(its, properly insulated, shall be attached to the metal- 
work as in(li(;atcd on the drawings, or iis may be approved by the Engi- 
neers. All wiring for the signal system shall generally conform to the 
requirements of wiring for the lighting system and shall be carried in ap- 
proved conduits. The signal lights shall be mounted on a slate panel, and 
each light shall be properly labeled. 

V. 121. Vessel Signals 

In some localities special signals are required for vessels. Where such 
is the case, this clause should outline the equipment and installation 
completely. 

Example 

The movable span shall be provided with a vessel signal to indicate 
to navigators that their signals have been heard and whether the bridge 
will be opened. Each signal shall consist of a pole supporting a copper 
ball twenty-four (24) inches in diamct(?r made of No. 22 gauge copper 
and painted red. The ball shall be raised or lowered by a tiller rope 
extending to the operator’s stand, and the signal shall be so situated that 
when the ball is raised it shall be visible to navigators approaching the 
bridge from either up- or down-stream. 

P. 122. Electric Siren 

For the purpose of signaling approaching vessels, there shall be pro- 
vided and installed two electric sirens, together with battery, wiring, con- 
duits, push button switch, and all other appurtenances necessary for 
proper operation. The sirens shall be of such size as to be easily heard 
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by those on board of approacliing vessels; and they shall be placed out- 
side of the house with the bell of one siren pointing up-stream and the 
bell of the other siren pointing down-stream. The switch for operating 
the sirens shall be attached to the controller stand in the operator's house. 
The entire eciuiimient and layout shall meet the approval of the Engineers. 

P. 123. Signal Bells 

The Contractor shall furnish and install complete with batteries, wir- 
ing in conduits, switches, and all connections, one electric, vibrating signal- 
bell. The said bell is to be located at about the middle of the movable 
span, as c;alled for by the plans. It is to te made with a substantial cast- 
iron base and with all working parts adequately protected in a weather- 
proof case. The gong is to be fifteen (15) inches in diameter and made 
of bell metal. The electrical contacts shall be of platinum. There shall 
1x5 provided in the operator's house an automatic push button or switch 
for the bell, so arranged that by pressing the button once, it will continue 
to ring for twenty (20) seconds and then stop until the button is pressed 
again. The conduits containing the wires shall be properly fastened to 
the steel work, being placed so as to be inconspicuous. 

I. 124. Machinery Home Crane 

The Contractor shall furnish and put in place in the machinery house, 

as per the detailed plans, a ( ) ton, hand-operated 

crane with suspended, four-wheel trolley, equipped with a 

( ) ton Yale and Towne Triplex Hoist, or other hoist acceptable to 

the Engineers. 

P. 125. Interlocking Apparatm 

There is to be an approved system of interlocking for the handling 
of bridge traffic, for which drawings are to be prepared by the Contractor 
for the Manufacture of the Metalwork and submitted to the En- 
gineers for their approval before work upon it is started. 

P. 126. Gasoline Engines 

Gasoline engines of the size and make specified on the drawings, or 
equivalent engines acceptable to the Engineers, shall be erected, installed, 
and properly connected with the machinery. Each engine shall be capable 
of developing an amount of brake horse-power ten (10) per cent in excess 
of the rated capacity when operating at the normal rate of speed with 
gasoline as fuel. It shall be tested at the manufacturer’s plant to meet 
this condition before shipment. 

Each engine shall be furnished with a magneto, igniters, battery, 
switchboard, oiling devices, carburetors, tanks for oil, water, and gasoline, 
air-pump, air-compressor, piping, wiring, wrenches, and all other acces- 
sories necessary for starting and for successful operation. 
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P. 127. Installation of Machinery 

All machinery and macliinery parts shall be prepared, erected, ad- 
justed, painted, oiled, and put in perfect operating condition. If the 
Contractor for Erection have any objection to any features of the machin- 
ery, as designed, he must state his objections in writing to the Engineers 
within ten days after signing his contract; otherwise; his objections will be 
ignored, if offered later as excuse for dcfecjtivc erection, adjustment, or 
operation. The Contractor for Erection shall furnish grease for guides, 
oil for machinery, and all such supplies to complete the mechanical parts 
for operation. The Contractor for Erection shall also maintain all ma- 
chinery in adjustment and shall perform all labor and operate the bridge 
for the Purchaser’s service for a period of sixty (60) days aft(;r it has been 
accepted by tlu; Purchas(;r and put into service, without additional pay- 
ment. The Purchaser will furnish the necessary gasoline and oil for such 
operation. 

P. 128. Paint 

The paint for the metalwork shall be Detroit-Superior Graphite, 
Nobrac, the; Goheen Carbonizing Coating, red lead, or any oth(T paint 
which th(; Engineers shall name, it being understood that the i)aint to be 
used shall be that chosen by the Engineers after the contract is let, and 
tliat if the said paint cost the Contractor more than one dollar and 
fifty cents ($1.50) per American gallon deliv('red at the works of the 
Manufacturers of th(; metalwork, or at the bridge site, the Contractor 
shall be paid extra the actual excess cost of the paint over one dollar 
and fifty cents ($1.50) per American gallon. 

P. 129. Painting 

All metalwork, before leaving the shop, shall be thoroughly cleansed 
from all loose scale, rust, and dirt, and shall be given one coat of red lead 
ground in linseed oil, or any other priming coat requir(;d by the En- 
gineers, which coat shall be thoroughly dricnl before the metalwork is 
loaded for shipment. It is absolutely essential that the entire surface 
of the metalwork be thoroughly cleansed by the most effective known 
methods, such as the use of wire brushes and scrapers. All surfaces com- 
ing in contact shall be particularly well painted before being riveted to- 
gether. Bottoms of bed-plates, bearing-plates, atid any other parts which 
arc not accessible for painting after erection shall have three (3) coats of 
paint, one at the shop, the other two in the field, before erection. Pins, 
bored pinholes, turned friction-rollers, and all other polished surfaces shall 
be coated with white lead and tallow before shipment from the shop. 
Graphite or oil should be used as the lubricant for reaming; but should 
soap-suds be employed, all parts of the metal affected thereby must be. 
washed thoroughly and dried before any painting is done thereon. 
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After the structure is erected, the metal work shall be thoroughly 
cleansed from mud, grease, or any other objectionable material that may 
be found upon it, the rivet-heads and areas on which the paint has been 
damaged shall be painted, then the entire surface shall be thoroughly 
and evenly covered with two (2) coats of the paint adopted. All three 
coats of paint given to the metal work are to be of distinctly different 
shades or colors; and the second coat must be allowed to dry thoroughly 
before the third coat is applied. No thinning of paint with turpentine, 
benzine, or other thinner will be allowed without special written permis- 
sion from the Engineers. No painting is to be done in wet or freezing 
weather, unless it be under cover where the temperature is above the 
freezing point. 

All painting is to be done in a thorough and workmanlike manner, to 
the satisfaction of the Engineers, and no paint whatever is to be used on 
the structure without first being approved by the PIngineers. All the 
materials for painting shall be subject at all times to the closest inspection 
and chemical analysis; and the detection of any inferior quality of such 
material, in either shop or field, shall involve the rejection of all such 
suspected material at hand and the scraping and repainting of those por- 
tions of the work which, in the opinion of the Engineers, were defectively 
painted on account of such inferior material. 

All recesses which would retain water or through which water could 
enter must be filled with thick paint or some waterproof cement before 
receiving final painting. All surfaces so close together as to prevent the 
insertion of paint brushes must be painted thoroughly by using a piece 
of cloth instead of the brush. 


?• 130. Timber 

All timber remaining permanently in the structure must be of best 
quality, sawed true and out of wind, and free from wind-shakes, large or 
loose knots, decayed wood, worm holes, or any other defect that, in the 
opinion 'bf the Engineers, would impair its strength or durability; and, un- 
less it be used under water, not more than ten (10) per cent of the area 
of any stick at any cross-section shall be sap wood. Timber remaining 
permanently under water shall be first-class, square-edged, and sound. 
All timber and lumber shall be surfac^ed on all four sides, and shall con- 
form to the net dimensions specified on the drawings. In paying for 
timber by the thousand feet B. M., only the actual net amount furnished 
in place will be allowed for, notwithstanding trade usage being to the 
contrary, and bidders should figure accordingly. 

All timber left in the structure above low water shall be long-leaf 
yellow pine, Douglas fir, cedar, or other first-class timber, of a quality 
satisfactory to the Engineers. Timber left permanently below low water 
may be of any variety which, in the opinion of the Engineers, is suitable 
and of adequate strength. 
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L 131. Preservation of Timber 

All treated timber is to receive ( ) pounds of creo- 

sote oil per cubic foot. The process of treatment shall be such that the 
wood is first softened and the saps and rasins dissolved by steam, then re- 
moved from the wood by the application of a vacuum, after which the creo- 
sote oil shall be injected by pressure until the amount required above has 
entered the pores of the wood. The oil used shall be the best obtainable 
grade of coal-tar creosote; that is, it must be a pure product of coal-tar 
distillation, and must be free from admixture of oils, other tars, or sub- 
stances foreign to pure coal-!:ar; it must be completely liquid at thirty- 
eight (38) degrees Centigrade, and must be free from suspended matter; 
and the specific gravity of the oil at thirty-eight (38) degrees Centigrade 
must be st least 1.03. Whem distilled according to the common method, 
that is, using an eight (8) ounce retort, asbestos covered, with standard 
thermometers, bulb one-half Q/Q inch above the surface of the oil, the 
creosote, calculated on the basis of the dry oil, shall give no distillate below* 
two hundred (200) (h'grecs Ontigrade, not more than five (5) per cent 
below two hundred and ten (210) dogn^es C^entigrade, and not more than 
twenty-five (25) per cent below two hundred and thirty-fiv(i (235) degrees 
Centigrade. The rcjsidue above three hundred and fifty-five (355) degrees 
Centigrade (if it exc(jeds five (5) per cent in quantity) must be soft. The 
oil shall not contain more than three (3) pcT cent of water. 

If practicable, all timber to be creosoted shall be cut to exact dimen- 
sions before being treated, so that it will fit into position without trim- 
ming at the site. Any creosoted timber that has to be cut after treatr 
ment must have the cut surfaces thoroughly covered with hot asphaltum 
before being placed in position. 

V. 132. Track-Rails and Their Connections 

This clause shall state whether rails an^ to be provided for steam or 
electric railway, or both, and shall give tht? standard used and the sec- 
tion number, weight, length, and process of manufacture. It also shall 
give complete details as to splices, bolts, spikes, bonds, tie-bars, and all 
other appurtenances necessary for the complete installation of the track. 

Example 

The railway track rails shall be of the A. S. C. E. section weighing 
eighty (80) pounds per yard; and the street railway track rails shall bo 
of the Lorain Steel Company's Section 79, No. 373, weighing seventy- 
nine (79) pounds per yard, or other rails of equivalent section and weight 
which are satisfactory to the Engineers. Railway rails shall be made by 
the open-hearth process. 
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The street railway rails shall be connected by twenty-two (22) inch 
angle splice bars having eight (8) bolts one (1) inch diameter in each 
joint, the holes in the rails and bars to be drilled according to the Lorain 
Steel Company’s Standard for this rail and joint. Standard rail bolts one 
(1) inch in diameter with elliptical shank and hexagonal nuts are to be 
furnished. The joints in each pair of rails are to be placed opposite. 
All rails, splice bars, tie bars, bolts, connections, and appurtenances of 
every kind shall be made by the open-hearth process and in accordance 
with the Lorain Steel Company’s specifications for standard, open-hearth, 
grooved-girder or high tee rails, but the rails shall be sixty (60) feet long, 
except when variation from this length is necessary. 

V. 133. Paving 

In this clause the kind of pavement and its supporting base should 
be fully described in every detail. Ordinarily in the East it is best to use 
paving blocks of creosoted, long-leaf, Southern yellow pine; and in the 
.West, creosoted Douglas fir; but sometimes asphalt or bitulithic pave- 
ment will be called for. 

The following are types of the specifications for paving. 

V. 134. Creosoted Block Pavement 

This clause should specify the kinds of timber which can be employed, 
the dimensions of the blocks, the amount of creosote to be injected, the 
composition of the creosote and the testing thereof, the method of treat- 
ment, the base, and the cushion or bedding layer on which the blocks rest; 
and it should also give a detailed description of the mc^thod of laying the 
blocks. Only one kind of timber should be permitted on any one structure. 
About eighteen (18) pounds of creosote oil per cubic foot should be used 
for yellow pine, and twelve (12) pounds for Douglas fir. 

^ Example 

The pavement is to be of creosoted, long-leaf. Southern yellow pine, 
Norway pine, Douglas fir, or tamarack blocks; but only one kind of 
wood is to be used on the structure. 

The blocks must be cut from a good grade of timber, which must 
be well manufactured, full-size, square-butted, square-cnlged, and free 
from the following defects: checks, unsound, loose, or hollow knots, 
knot-holes, worm-holes, through shakes, and round shakes that show on 
the surface. The number of annular rings in the one-inch space which 
begins one inch from the centre of the heart of the block shall be not less 
than six. In the case the block does not contain the heart, the one inch 
to be used shall begin with the annular ring which is nearest to the centre 
of the heart. No block shall contain less than fifty (50) per cent of heart 
wood. 
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The blocks shall be from six (6) to ten (10) inches long, averaging not 
less than eight (8) inches. The depths of the blocks shall be four (4) 
inches, and their widths three and a half (334) inches. A variation not 
exceeding one-sixteenth (}Iiq) of an inch shall be allowed in cither the 
depth or the thickness from the dimensions specified. 

The preservative to be used shall be a product of coal gas or coke- 
oven tar, which shall be free from all adulterations and shall contain no 
raw or unfiltered tars, petroleum-compounds, or tar-products obtained 
from processes other than those stated. The specific gravity shall not 
be less than one and eight-hundredths (1.08) nor more than one and four- 
tc^en hundredths (1.14) at a temperature of thirty-eight (38) degrees Cen- 
tigrade. Not more than three and one-half (3.5) per cent shall be insol- 
uble by continuous hot extraction with benzol and chloroform. 

On distiliation, which shall be made exactly as described in Bulletin 
No. 65 of the American Railway Engineering Association, the distillate 
based on water-free oil shall be within the following limits, and an aver- 
age of a number of tests shall show a mean of these percentages, viz.: 


Up to 150 degrees Centigrade 
« 170 “ 

<< 210 “ 

235 

« 315 « « 

'' 355 '' '' 


Nothing must come off 
. . 0 to 0.5 per cent 

. . 2 to 6 per cent 

. . 8 to 16 per cent 

. . 30 to 45 per cent 
. . 45 to 60 per cent 


The specific gravity of the distillate distilling betw('en 235 degrees and 
315 degrees Centigrade shall not be less than one and two-hundredths 
(1.02) at sixty (60) degrees Centigrade compared with water at th(‘ same 
temperature. 

The preservative shall not contain more than three (3) p('r cent of water. 

The manufacturer of the blocks shall permit full and eompk'te sam- 
pling at all times and places, and shall, if required, funiish satisfactory 
proof of the origin of the jireservative. 

The blocks shall be treated in an air-tight cylinder with the preserva- 
tive hereinbefore specified. They shall be subjected to st('am at a tem- 
perature between 220 and 240 dc'grees Fahrenheit, after which a vacuum 
of not less than twenty (20) inches shall be drawn, the temperature at 
the same time being maintained at from 150 to 240 degrees Falirenheit. 
While the vacuum is still on, the preservative oil, heated to a tempera- 
ture between 170 and 200 degrees Fahrenheit, shall be ailmitted, and the 
pressure shall be gradually applied until a sufficient amount of the pre- 
servative oil has been forcc^d into the blocks. Not more than ten (10) 
per cent of excess above the amount specified shall be allowed. The 
l)locks, after treatment, sliall show satisfactory penetration of the prer 
servative through and through; and all blocks that have been warped, 
checked, or otherwise injured m the process of treatment shall be rejected. 
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The surface of the blocks shall be clean and free from any deposit of tar 
or other foreign substance. 

The blocks shall be inspected at the plant, and the Manufacturer of 
the blocks shall equip his outfit with all the necessary gauges, appliances, 
and facilities to enable the Inspector to satisfy himself that all the require- 
ments of the specifications are fulfilled. He shall allow an authorized 
representative of the Engineers to inspect all materials and all parts of the 
plant during the manufacture of the paving blocks. 

After delivery at site the blocks shall be subject to a further inspec- 
tion, and all imperfect blocks shall be rejected and removed by the 
Contractor. 

The base of the pavement shall be of concrete, as shown on the draw- 
ings, finished off smooth on top to correct elevation, after which it is to 
be covered to a depth of about one-eighth of an inch in small areas 
with hot asphaltum as the blocks are laid. 

Upon the bed thus prepared the blocks shall be carefully set with the 
fibre of the wood vertical in straight, parallel courses, except that at least 
one row of blocks shall be placed parallel with the curb and three-quarters 
(^) of an inch therefrom. 

The blocks shall be laid by setting them loosely together on the cushion 
coat, but no joint shall be more than one-eighth of an inch in width, ex- 
cepting that on grades of three (3) per cent or over, a line of three-eighths 
Q/Q by one and one-quarter ( 134 ) inch creosoted lathing transverse to the 
structure shall be placed between the lines of blocks and in contact with 
the said cushion. None but whole blocks shall be used, except in starting 
or completing a course or in such other cases as the Engineers may direct, 
and in no case shall the lap joint be less than two (2) inches. Closures 
shall be carefully cut and trimmed by experienced men. The portioas of 
the blocks used for closure must be free from check or other fracture, and the 
cut end must have a surface perpendicular to the top of the block and 
cut to the proper angle to give a close, tight joint. All cut surfaces are 
to be thoroughly covered! with hot asphaltum before^ laying. 

Along the curb there shall bo one or more longitudinal joints filled 
with hot asphaltum, the total width of the said joint or joints at each 
curb being one-half (J4) hich for each ten feet of total clear roadway. 
This is to be done in order to provide against a possible lateral expansion 
of the pavement due to the blocks drying and afterward absorbing moisture. 

After the blocks are placed, they shall be rolled parallel and diagonally 
to the curb by a steam roller weighing at least five tons until the surface 
becomes smooth and is brought truly to the correct grade and contour. 
After the blocks have been thoroughly rolled, the joints between them 
shall be filled half way up with hot asphaltum, and the remaining spaces 
shall be filled with hot pea-gravel or hot stone chips in case that lath be 
employed, or otherwise with hot, fine, screened sand; then the surface 
shall again be rolled. 
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After inspection by the engineers, the surface of the wood-block pave- 
ment shall be covered to a depth of about one-half (J^) inch with fine 
screened sand. This sand is to be left upon the pavement for such time 
as may be directed by the En^eers, after which it shall be sw^ up and 
taken away by the Contractor. 

The Contractor will be required to pve a guarantee, satisfactory to 
the Purchaser, that the preservative used will keep the blocks free from 
decay for a period of ten (10) years, and to furnish, free of charge at the 
bridge site, an adequate number of paving blocks to replace all those 
which shall decay wholly or in part within ten (10) years from the date 
of the completion of the bridge. 

V. 135. Asphalt Pavement 

This clause should give complete spt^cifications for all the materials 
entering into the pavement and for its construction. The total thickness 
of the binder and the wearing surface will depend on the traffic crossing 
the structure as well as on the length of the span when it is necessary for 
economy to keep down the dead load. This thickness will vary from two 
(2) inches for long spans and light traffic to three and one-half (3)4) inches 
for short spans and heavy traffic. The greater thickness is preferable 
whenever funds are available for its adoption. 

Example 

Description . — ^The pavement sliall consist of, first, a concrete base as 
shown on the drawings; second, a binder course one and a half (1.5) 
inches in thickness when compressed; and, third, an asphalt wearing sur-. 
face two (2) inches in thickness when compressed. 

Foundation . — ^The concrete for the foundation shall be mixed as here- 
inafter specified, the upper surface being parallel to and three and a half 
(3.5) inches below the finished surface of the paving. After being laid, 
the surface of the concrete shall be protectecl from rain, if necessary, and 
shall be siwinkled with hose and roseheati sprinkler as frequently as may 
be required by the Inspector until it is sufficiently set. 

Materials . — ^Thc materials used for the binder and wearing coimses 
must comply with the requmiments of these specifications, and must be 
mixed in definite proportions by weight. All materials and the propor- 
tions thereof ustid must be satisfactory to the Engineers. 

Methods of Testing . — ^All tests must be conducted as hereinafter speci- 
fied. All penetrations at 77 degrees Fahrenheit are expressed in hundredths 
of a centimeter and are to be taken (except where otherwise speiufied) 
with a No. 2 needle acting for five (5) seconds without appreciable friction 
under a total weight of one hundred (100) grams. 

Refined Asphalts . — ^The refined asphalts admitted under these sixMiifi- 
cations shall be prepared from a natural mineral bitumen, either solid or 
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liquid, or from combinations thereof, by such methods of refining as 
will secure a product complying with the requirements hereinafter 
given. 

The preparation and refining of all asphalts admitted under these 
specifications shall be subject to such inspection at the paving plants 
and refineries as the Engineers may direct. Every refined asphalt ad- 
mitted under these specifications, if required by the Engineers, shall be 
equal in quality to the recognized standard for its particular kind or type 
of asphalt. If desired, the Contractor may use an asphalt cement pre- 
pared at the refinery. To be acceptable this asphalt cement must comply 
with the foregoing general requirements for refined asphalt, as well as 
requirements a, 6, c, d and e for asphalt (?ement. 

Asphalt obtained by the refining of natural liquid bitumens shall not 
be reduced in the refining process to a penetration, at 77 degrees F., of 
less than 30. 

All refined asphalts admitted imder these specifications must comply 
with the following requirements: 

o. All shipments of refined asphalt of any one kind shall have the batch 
number plainly marked on each package or container, shall be uniform 
in consistency and composition, and shall not vary from maximum to 
minimum more than fifteen (15) points in penetration at 77 degrees F. 

6. Ninety-eight and one-half (98H) cent of the total bitumen of 
all refined asphalts shall be soluble in carbon tetrachlorides 

c. When made into an asphalt cement by the use of such materials 
and methods as are described in these specifications, they must produce 
an asphalt cement complying with all the requirements elsewhere set 
forth herein for asphalt cements. 

Fluxes . — ^These shall be the residues obtained by the distillation of 
paraffine, asphaltic petroleums, or semi-asphaltic petroleums. They shall 
be of such character that they will combine with the asphalt to be used 
to form an acceptable and approved asphalt cement complying with the 
requirements of these specifications. All residua must pass the follow- 
ing general tests: 

a. They must have a penetration greater than three hundred and 
fifty (350) with a No. 2 needle at 77 degrees F. under fifty (50) grams 
weight for one second. 

b. They shall have a specific gravity at 77 degiecs F. between 0.92 
and 1.02. 

c. When twenty (20) grams of the flux are heated tor five (5) hours 
at 325 degrees F. in a tin box two and one-quarter (2^) inches in diameter 
and three-quarters (^) of an inch deep after the manner hereinafter 
prescribed, the loss shall not exceed five (5) per cent by weight, and the 
residue left after such heating shall flow at 77 degrees F. 

d. They shall not flash below 350 degrees F. when tested in a closed 
oil tester. 



SPECIFICATIONS FOB MANUFACTUBE AND EBECTION 1811 

e. They shall be soluble in carbon tetrachloride to the extent of not 
less than ninety-nine (99) per cent. 

Binder Stone . — ^This shall be clean, hard, broken stone,* free from any 
particles that have been weathered or are soft. If the stone does not 
contain the proper amount of material passing the one-half inch 
screen, the deficiency may be made up by the addition of gravel or sand. 
Ninety-five (95) per cent of the binder a^egate shall pass a screen 
having circular openings the diameter of which shall be three-quarters 
{%) of the thickness of the binder course to be laid. The remaining 
five (5) per cent shall not exceed in their smallest dimension the thickness 
of the binder course to be laid. The binder aggregate shall be so graded 
from coarse to fine as to have the following mesh composition (sieves to 
be used in the order named) : 

Passing 10 mesh 15 to 35% 

Passing inch circular opening and retained on 10 mesh. . 20 to 50% 
Total passing 3^ inch 35 to 85% 

(N. B.). The above limits as to mesh composition are intended to pro- 
vide for such permissible variations as may be rendemi necessary by the 
available sources of supply and the character of the work to be done. The 
mesh composition and character of the stone may b<^ varied, within the 
limits above specified, at the discretion of the Entpneers, depending upon 
the kind of asphalt used and the traffic conditions. 

Sand . — ^The sand shall be hard, clean grained, and moderately sharp. 
On sifting it shall have the folloAving mesh composition (sieves to be used 
in the order named) : 


Passing 200 mesh Oto 5% 

Passing 100 mesh and retained cn 200 mesh 10 to 25% 

Passing 80 me.sh and retainwl on 100 mesh 6 to 20% 

Passing 50 mesh and retained on 80 mesh 5 to 40% 

Passing 40 mesh and retained on 50 mesh 5 to 30% 

Passing 30 mesh and retained on 40 mesh 5 to 25% 

Passing 20 mesh and retained on 30 mesh 5 to 15% 

Passing 10 mesh and retained on 20 mesh 2 to 10% 

Passing 8 mesh and retained on 10 mesh 0 to 5% 


Total passing 80 mesh and retained on 200 mesh . . 20 to 40% 
Total passing 20 mesh and retted on 40 mesb . . 12 to 45% 

In very light traffic a coarser sand may be used with the approval 
of the Engineers, but in no case shall a sand be employed that contains 
less than a total of fifteen (15) per cent passing an fiO-mesh sieve, such 
total to contain not more than five (5) per cent (calculated on the original 
sand) passing a 200-mesh sieve, or a mixture of seventy-five (75) per cent 
of sand of the character above specified and twenty-five (25) per cent of 
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stone screenings passing a one-quarter (}4) inch screen and retained on 
a 10-mesh screen, may be employed. 

(N. B.) The above limits as to mesh composition arc intended to pro- 
vide for such permissible variations as may be rendered necessary by the 
available sources of supply and the character of the work to be done. The 
mesh composition and character of the sand may be varied, within the 
limits above specified, at the discretion of the Engineers, depending upon 
the kind of asphalt used and the traffic conditions. 

Filler . — ^This shall be thoroughly dry limestone dust, or dust from 
other equally satisfactory stone, or Portland cement, the whole of which 
shall pass a 30-mcsh-per-lineal-inch screen and at least 66 per cent of 
which shall pass a 200-mesh-per-lincal-inch screen. The surface mixture 
shall contain from 6 to 20 per cent of this filler, depending upon the kind 
of sand and asphalt used and the traffic conditions. 

Samples . — One (1) pound samples of the refined asphalt, petroleum 
flux, and asphalt cement that the Contractor proposes to use in his work, 
together with a statement as to the source, character, and proportions 
of the materials composing them, must be handed in with his bid; and 
no contract shall be awarded to any bidder whose samples do not comply 
in every respect with these specifi(!ations. No asphalt other than that 
specified in his bid shall be used by any (Contractor ('xcept with the written 
consent of the Engineers, snd provided that it complies in all respects 
with the requirements of these specifications. 

In addition to the samples submitted with the bid, other samplers 
taken from and actually representative of the refined asphalt, petroleum 
flux, sand, filler, and binder stone to be used upon the structure shall 
be submitted to the Engineers before the use of such materials in the work 
is permitted. Except at the option of the Engineers, no work on binder 
or surface shall be commenced within three weeks from the date when 
such samples were submitted; and in no case shall they be used until they 
have been examined and approved by the Engim^ers. Whenever, during 
the course of the work, new deliveries of paving materials are r(iC(;ived by 
the Contractor, samples of the\se shall at once be submitted to the En- 
gineers; and their use in the work will not be permitted until they have been 
examined and approved by the said Engineers. 

Asphalt Cement. 

Preparaiion . — ^The asphalt cement shall be composed of refined as- 
phalt — or asphalts and flux, where flux is required — of the character else- 
where herein specified, and it must be of a suitable degree of penetration. 

The proper proportions of the refined asphalt (or asphalts) and flux 
shall be melted together at a temperature between 275 and 400 degrees F. 
and thoroughly agitated by suitable appliances until they are completely 
blended into a homogeneous asphalt cement. Thereafter, the asphalt 
cement must not be heated to a temperature exceeding 350 degrees F. If 
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the asphalt cement contains material that will separate by subsidences 
while it is in a molten condition, it must be thoroughly agitated besfores 
drawing from storage and while in use in the supply kettles. Excessive 
agitation with steam or air which will injure the cement must not be 
permitted. 

The resfined asphalt or asphalts and flux comprising the asphalt cement 
shall, when required, be weighed separately in the presence of the author- 
ized Inspectors or agents of the Engineers. 

Requirements . — ^The asphalt cement shall comply with the following 
requirements: 

a. It shall be thoroughly homogeneous. 

b. It shall have a penetration at 77 degrees F. of from 30 to 65 for 
heavy traffic and 55 to 85 for light traffic, depending upon the sand and 
asphalt used and the local climatic conditions. 

c. It shall not flash below 350 degrees F. when tested in a closed oil- 
tc'ster. 

(L When twemty (20) grams of the asphalt cement are heated for 
five (5) hours at 325 degrees F. in a tin box two and one-quarter (234) 
inches in diameter and throc'-quarters (?4) of an inch deep, after the 
manncT hen'inafter prescrib(?d, the loss shall not exceed five (5) per cent, 
by weight; and tho p(;netration at 77 degrees F. of the residue left after 
such heating must not be less than omvhalf the penetration at 77 degrees 
F. of the original sample before heating. 

e. Either the asphalt cemcmt or its pure bitumen when made into a 
briquette (Dow mold) shall, at 50 penetration (77 degrees F.), have a 
ductility of not less than 30 c(;ntimctres at 77 d(*grecs F.; th(i two ends 
of the briquette to be pulled apart at the uniform rate of 6 centimetres 
per minute. 

When the asphalt cement as used has a penetration other than 50 at 
77 degrees F., an increased ductility of 2 centimetres will be required for 
every five points in penetration above 50 penetration, and a corresponding 
reduction will be made below 50 penetration. 

Binder. 

Preparation . — ^The binder shall be composed of stone, or stone and 
sand, and asphalt cement of the character elsewhere herein specified and 
mixed in proper proportions. The stone, or stone ami sand, and the 
asphalt cement shall be heated separately to such a temperature as will 
give, after mixing, a binder mixture of the proper temperature for the 
materials employed. The stone when used must be at a temperature 
between 225 and 350 degrees F. The asphalt cement and the stone shall be 
thoroughly mixed by machinery until a homogeneous mixture is produced, 
in which all the particles are thoroughly coated with asphalt cement. 

Laying . — ^The binder mixture prepared in the manner above described, 
shall be brought to the work in wagons covered with canvas or other 



1814 


BRIDGE ENGINEERING 


Chapter LXXIX 


suitable material; and upon reaching the site it shall have a tempera- 
ture between 200 degrees F. and 325 degrees F. The temperature of the 
binder mixture within these limits shall be regulated according to the 
temperature of the atmosphere and the working of the binder. On reach- 
ing the site it shall at once be dumped on the concrete base and then 
be deposited roughly in place by means of hot shovels, after which it shall 
be uniformly spread by means of hot iron rakes and then at once be 
thoroughly compacted by tam])ing or rolling. The thickness of the fin- 
ished binder shall average one and a half ( 134 ) inches; and not more than 
a forty (40) per cemt variation from the average thickness specified will 
be permitted at any one spot. The ui>per surface of the finished binder 
shall be parallel to the established grade for the finished pavement. The 
surface after compression shall show at no plac(i an excess of asphalt 
cement; for any spot showing such excess shall be cut out and replaced 
with other material. All binder that shows lack of bond or that is in 
any way defective or which may become brokem up befoni it is covered 
with wearing surface must be takem up and removc'd from th(^ site and 
replaced by good material properly made and laid in a(;(;ordance with these 
specifications, at the expense of the C^ontractor. No more binder shall 
be laid at any one time than can be covered by om' day's run of the pav- 
ing plant on surface mixture. Binder when laid shall be followed and 
covered with wearing surface as soon as is practicable, in order to effect 
the most thorough bond between the bind(T and the wearing (rourse. The 
binder course shall b(? kept as clean and as fr(‘(‘ from traffic as is possible 
under working conditions. If necessary, it must be swept off immediately 
before laying the wearing surface on it. 

No binder shall be laid when, in the opinion of the Engineers, the 
weather conditions are unsuitable, or unk^ss the concrete on which it is 
to be laid is free from pools of water and has set a sufficient length of time?. 

Requirements . — The finished binder must contain from four (4) to 
seven (7) per cent of l)itumen soluble in cold carl)on bisulphide, from 
fifteen (15) to thirty (30) pe'r cent of material passing a 10 mesh screen, 
and from twenty (20) to fifty (50) per cent of material passing a one- 
half (34) iiRjh screen, the percentage of bitumen to be regulated in ac- 
cordance with the mesh composition and character of the mineral aggre- 
gate of the binder, and the percentage of material passing a 10 mesh 
screen to bo regulated in accordance with the traffic conditions upon the 
roadway to be paved. 

Wearing Surface. 

Preparation . — ^The wearing surface shall be composed of sand, filler, 
and asphalt cement of the character elsewhere herein specified and mixed 
in proper and definite proportions by weight. The sand and the asphalt 
cement shall be heated separately to such a temperature as will give, 
after mixing, a surface mixture of the proper temperature for the materials 
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employed. The sand when used must be at a temperature between 275' 
and 375 degrees F. The asphalt cement when used must be at a tem- 
perature between 250 degrees F. and 350 degrees F. The various ingre- 
dients shall be brought together and mixed for at least one minute in a 
suitable apparatus until a homogen(K)us mixture is produced, in which 
all the particles are thoroughly coated with asphalt cement. The weights 
of all materials entering into the composition of the wearing surface 
shall be verified in the presence; of Inspectors as often as may be required, 
and the Engineers or their representatives shall have access to all parts 
of the plant at any time. 

Laying . — ^Thc surface; mixture prepare;el in the manner above described 
shall be; brought to the work in wagons (;overeel with canvas or other suit- 
able material, and upon reaching the site; shall have; a temperature; be- 
tween 230 ele;gre‘e;s F. and 350 elegren's F. The; temperature of the surface 
mixture within these limits shall be re'gulateel according to the tempera- 
ture; of the atmosphe're, the; we)rking of the mixture', anel the character 
of the materials employed. On reae*hing the site, it shall at once be 
elumj)ed on a spot outside of the; space on which it is to be spread. It 
shall them be depositenl roughly in place by means of hot shovels, after 
wliie;h it shall be uniformly spreael by means of hot iron rakes in such 
a rnanneT that aftiT having received its final compre'ssion by rolling, the 
finishe'd pavement shall confe^rm te) the e'stablished grade. The thickness 
of the finished surface mixture' shall average two (2) ine;hes. Not more 
than a ten (10) per cent variation from the average thickness specifie'el 
will be; permitte'd in any one spot. Before the surface mixture is placed, 
all contact surfaces of curbs, man-hole's, ete*., must be well painted with 
he)t asphalt cement. Ai'te;r raking, the' surfae'c mixture shall at once be 
compre'ssed by rolling or tamping, aflt'r which a small amount of ce'ment 
shall be; swe'pt over it, and it shall then be the)roughly compressed by a 
steam re>ller weighing ne)t less than two hunelred (200) pounds to the inch 
width of treael, the; rolling being carried on continuously at the rate of 
not more than two hundreel (200) square yarels per hour per roller, until 
a compression is obtained which is satisfactory to the; Engineers. Such 
portions of the completed pav(*ment as are defective in finish, compres- 
sion, or composition, or that do not comply in all respects with the re- 
quirements of these specifications, shall be take;n up, removed, anei re- 
placed with suitable material, properly made and laid in accordance with 
these specifications, at the expense of the Contractor. Whenever so or- 
dered by the Engineers, a space of twelve (12) inches next to the curb 
shall be coated with hot asphalt cement, which shall be ironed into the 
pavement with hot smoothing irons. 

No wearing surface shall be laid when, in the opinion of the Engineers, 
the weather conditions are unsuitable, or unless the binder on which it is 
to be placed is dry. Excessive use of water on the steam roller when 
compressing the pavement will not be permitted. The finished pave- 
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ment must be well protected from all traffic by suitable barricades until 
it is in proper condition for use. 

Requirements . — The finished pavement shall show upon analysis a mesh 
composition and bitumen contents within the following limits (sieves to 
be used in the order named) : 


Bitumen 9.5 to 13.5% 

Passing 200 mesh Not less than 10% 

Passing 80 mesh 10 to 35% 

Passing 50 mesh 4 to 35% 

Passing 40 mesh 4 to 25% 

Passing 30 mesh 4 to 20% 

Passing 20 mesh 4 to 12% 

Passing 10 mesh 2 to 8% 

Passing 8 mesh 0 to 5% 

Total passing 200, 100, and 80 mesh Not less than 25% 

Total passing 50 and 40 mesh 15 to 50% 

Total passing 30, 20, and 10 mesh 10 to 35% 


^ (N. B.) The minimum amount of bitumen shall be used only in mix- 
tures containing the minimum total passing the 80 mesh. The percentage 
of bitumen must be increased above the minimum as the total passing the 
80 mesh increases. On pavements subjected to very light traffic, when 
the Engineers have approv(!d the use of a coarser sand or mixture than 
that specified for general use, the surface mixture must contain not less 
than six (6) p(?r cent of mineral matter passing a 200 mesh sieve and not 
less than a combined total of eighteen (18) per cent passing the 200, 
100, and 80 mesh sieves. The maximum amount of 200, 100, and 80 
mesh material will be regulated according to the kind of sand and as- 
phalt used and the traffic upon the structure on which the pavement is 
to be laid, subject to the maximum requirements elsewhere herein specified 
under s£md and filler. 

(N. B.) The above limits as to mesh composition and per cent of bitu- 
men are intended to provide for such permissible variations as may be ren- 
dered n(?cessary by the raw materials used and by thc^ character of the work 
to be done. The composition of the w^earing surface may be varied within 
the limits above specified at the discretion of the Engineers, depending 
upon the kind of sand, filler, and asphalt used and the traffic conditions. 

Condition at Expiration of Guarantee. 

In addition to the proper maintenance of the pavement during the 
period of guarantees, the Contractor shall, at his own expense, just before 
the expiration of the guarantee pesriod, make such repairs as may be 
necessary to produce a pavement which shall: 

a. Have a contour substantially conforming to that of the pavement 
as first laid and free from depressions of any kind exceeding three-eighths 
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(^) of an inch in depth as measured between any two points four (4) feet‘ 
apart on a line conforming substantially to the original contour of the 
street. 

b. Be free from cracks or depressions showing disintegration of the 
surface mixture. 

c. (Contain no disintegrated surface mixture. 

d. Not have been reduced in thickness more than three-eighths Q/Q of 
an inch in any part. 

6. Have a foundation free from such cracks or defects as will cause 
disintegration or settling of the pavement or impair its usefulness as a 
roadway. 

Repairing, 

Repairs, except as provided for below, shall in all cases be made by 
cutting out the defective binder and wearing surface down to the con- 
crete and replacing them by n(jw and freshly preparcKl binder and wearing 
surface made and laid in strict accordance with thes(^ specifications. 

WhenevcT any defi'cts arc caused by the failure of the foundation, 
the pavement (including such foundation) shall be taken up and relaid 
with freshly prepared material made and laid in strict accordance with 
these specifications. 

In all cases the surface of the finished repair shall be at the grade 
of th(5 adjoining pavement and in accordance with the contour of the 
roadway. 

Th(5 surface heater method of repairing may be used only in those 
cases where the repairs are not rendered necessary by: 

а. Failure of concrete. 

б. Failure of the binder. 

c. Failure? caused by the disintegration of the lower portion of the 
wearing surface. 

Whenever the surface heater method is employed, all defective sur- 
face shall be removed before replacing it with new material. In all cases 
the old surface shall be removed to a depth of not less than one-quarter 
inch; and the new surface must, when compressed, be not less than one- 
half in thickness. The heat shall be applied in such a manner as not to 
injure the remaining pavement. All burnt and loose? material shall at 
once be completely removed, and, while the remaining portion of the 
old pavement is still warm, shall be replaced by new and freshly 
prepared wearing surface made and laid in strict accordance with these 
specifications. 

With the written permission of the Engineers, not to exceed twenty 
(20) per cent of crushed old asphalt surface mixture of suitable character 
may be used in combination with the binder stone, provided that such 
mixture produces a binder complying in all respects with the requirements 
of these specifications. 
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Methods for Testing and Sampling. 

The following methods arc recommended as being sufficiently accurate 
for general use; but in cases of dispute the standard methods adopted 
by the American Society for Testing Materials must be employed: 

Penetration Test . — Penetrations shall be taken by means of a pene- 
trometer, which shall be so constructed jis corr(?ctly to register in one- 
hundredths of a centimetre the depth to which a Robert Sharp's No. 2 
needle will penetrate the sample under examination under a given load 
without appreciably retarding friction for a given time period. 

For penc't rations at 77 (h'grccs F. the time period shall be five (5) 
seconds and the total weight operating on the needle shall be one hundred 
(100) grams, except in the case of flux where the time period is one (1) 
second and the total weight fifty (50) grams. 

The samples to be tested should, preferably, b(5 in circuhir tin boxes 
about two and one-quarter inches in diametc?r and about three- 

quarters of an inch deep (2-oimce Gill-style can, obtainable from th(; 
American Can Company). Where very soft materials arc to be tested 
or penetrations arc to be taken at 100 degrees F. or 115 degrees F., a 
tin not less than two (2) inches deep and having the same diameter speci- 
fied above should be used. 

All samples shall be medted at a temperature just high enough to 
render them liquid (250 to 300 degrees F.), and shall tlum be thor- 
oughly stirred until homogeneous and frcM^ from air bubbles. Aft(;r cooling 
sufficiently in the air at laboratory temperatures they must be immersed 
for at least thirty (30) minutes in watcT maintaiiKHl at the temperature 
at which the test is to be made (77 d('grc(*s F.). During testing, the 
sample shall be accuratedy maintaimnl at the; temperature specified. 

The average of from thre?e (3) to five? (5) tests which must not differ 
more than five (5) points (five-hundredths (0.05) of a cejitimedre) be^twe^em 
maximum and minimum shall be taken as the penetration of the? sample, 
the needle being wiped off with a dry cloth after every ele?te?rminatiem. 

(N. B.) This te.st measures the consistency of the? mate'rial under ex- 
amination. Its limits of accuracy may be considereei as being within five 
(5) per cent of the reading obtained (above or below). 

Ductility Test . — ^This test is usually first made on the asphalt cement 
itself. If this fails to show the requireel due?tility, the pure bitume?n must 
be extracted and tested. The proper methelels for obtaining the pure 
l)itumen vary with the asphalt being examined and are too lengthy for 
description here. (See Proceedings of American Society for Testing Ma- 
terials, vol. 9, pages 594r-9.) 

The moulding of the briquette may be done as follows: 

The mould should be placed upon a brass plate. To prevent the 
asphalt from adhering to the plate and the inner side of the two remov- 
able pieces of the mould, they should be well amalgamated. The differ- 
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cnt pieces of the mould should be held together in a clamp or by means ' 
of an India rubber band. The material to be tested is poured into the 
mould while in a molten state, a slight excess being added to allow for 
shrinkage on cooling. After the briquette is nearly cool, it is smoothed 
off level by means of a heated palette knife. When cooled, the clamp 
is taken off and the two side pieces removed, leaving the briquette of 
asphalt firmly attached to the two ends of the mould, which thus serve 
as clips. The briquc'.tte should be immersed in water maintained at the 
required temperatures for at least thirty (30) minutes or until the whole 
mass of bitumen is at 77 degrees F. It is then pulled apart at the re- 
quired rate of speed in a statable machine, the briquette being entirely 
immersed in wat(T maintained at 77 degnu's F. during the emtire opera- 
tion of pulling. Any pit'ccs of dirt, wood, or extraneous matter in the 
briquette may cause the fracture of the fine thread before the true maxi- 
mum ductility of the material under examination has been reached, 
(jircat care should be; observ('d, th(Tefore, to avoid the i)resence of such 
foreign matter in the bitumen when it is poured into the mould. The 
average of at least two tests shall be reconh^d as the ductility of the sample 
under examination. Th(‘se tests must not differ more than twenty (20) 
per cent from th(ur average. 

(N. B.) This test mc'asures approximately the cementing value of a 
bitumen, but is not n('ccssarily a measure of tlu^ rc*lative cementing value of 
diff(;ront bituminous materials or the sainti bituminous material at different 
penetrations. Its limits of accuracy iiftiy b(i considerc'd as being within 
twenty (20) per cent of tlu^ reading obtained (above or below). 

Determination of Total Bitumen in Refined Asphalts and Asphalt Cements. 
— One to two grams of tlu; sami)le shall be weighed into a tared 200 c.c, 
wide-mouth ErleniiK'yer flask and covered with 100 c.c. of chemically pure 
carbon bisulphide. Agitate until all lumps disappear and nothing ad- 
heres to thci bottom of the flask. Cork and allow to stand fift('en (16) 
minutes. Filter off on a Gooch crucible with asbestos felt or a weighed 
filter paper and wash until the washings come through practically colorless. 
Dry the flask and filter at 250 degrees F. Evaporate the filtrate con- 
taining the bitumen, burn to an ash and add to the r(\sidue on the filter. 

(N. B.) The limits of accuracy of this test as applied to bitumens con- 
taining considerable proportions of non-bituminous matter may be con- 
sidered as being within omv-half Q/Q per cent above or below the result 
obtained. In practically pure bitumens one-quarter ( J4) cent above or 
below is the ordinary limit of accuracy. 

Determination of Bitumen Soluble in Carbon Tetrachloride, — One gram 
of the sample shall be weighed into a tared 200 c.c. wide mouth Erlen- 
meyer flask and covered with 100 c.c. of chemically pure carbon tetra- 
chloride. Agitate until all lumps disappear and nothing adheres to the 
bottom of the flask. Cork and allow to stand eighteen (18) hours in the 
dark. Filter off on a Gooch crucible with, asbestos felt or a weighed 
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filter paper and wash until the washings come through practically color- 
less, using not less than 100 c.c. of fresh solvent. Dry the filter at 250 
degrees F. 

(N. B.) The amount of bitumen insoluble in carbon tetrachloride is 
indicative of whether or not decomposition has been produced by improper 
heat treatment. The limits of accuracy of this test may be considered 
as being within one-half i}/^ per cent above or below the result obtained. 

Volatilization Test — ^Twenty (20) grams of the sample shall be placed 
in a weighed tin box two and one-quarter inches in diameter and three- 
quarters of an inch high (two-ounce Gill-style can, obtainable from the 
American Can Company) and heated five (5) hours at 325 degrees F. 
The heating shall be done in a ventilated oven, which shall have reached 
the temperature specified before the introduction of the samples and 
which is maintained within two (2) degrees of that temperature through- 
out the test. The tin can should be insulated by a sheet of asbestos or 
other material from direct metallic contact with the sides or walls of the 
oven. The bulb of the thermometer should be immersed in a control 
bath immediately alongside of the sampler being tested, the container 
and the method of insulation being the same in both cases. 

(N. B.)- This test indicates the extent to which bitumens in the course 
of time lose their more volatile hydrocarbon constitutents and the hardening 
resulting from volatilization and ch(‘mical change. It may be considered 
as an accelerat(;d exposure test. Its limits of accuracy cannot be defin- 
itely stated, owing to the widely varying results obtained by the use of 
different t>q)es of ovens and failure carefully to observe all the conditions 
prescribed. When carefully conducted according to the above directions, 
a test showing six (6) per c(;nt loss should be considered as passing a 
specification calling for not over five (5) per cent loss. 

Flash Test — ^The flash test shall be made in a circular tin can about 
two and one-quarter ( 234 ) inches in diameter and about one and three- 
eighths (154) inches deep (3 ounce Gill-style, American Can (Company), 
provided with a suitable transparent cover of mica, or glass, etc. This 
cover shall be provided with two apertures for the insertion of the ther- 
mometer and test flame. The aperture for the thermom(^ter shall be 
three-eighths (54) of an inch in diamc'tcr and shall be centrally located. 
The aperture for the test flame shall be triangular in shape, measuring 
one-half (34) inch on the base and three-quarters of an inch in height. 
The base shall coincide with the rim of the can. A thermometer approxi- 
mately fifteen (15) inches long, graduated in single degrees, shall have its 
bulb completely immersed in the material being tested. It shall not 
touch the bottom of the can, but shall be suspended in the proper posi- 
tion. The can shall be filled with the material to be tested so as to leave 
a one-half ( 34 ) inch vapor space when melted. The material shall be 
heated at the rate of ten degrees F. a minute, and the test flame shall 
be applied every five degrees F. after a temperature of 300 degrees F. 
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has been reached. No correction for emergent stem shall be made. The 
test flame shall be one-eighth (J/0 of an inch long, and shall be dipped 
in just below the surface of the cover and then immediately withdrawn. 

(N. B.) This test indicates the temperature at which inflammable 
vapors arc given off in an enclosed space. It supplements the volatiliza- 
tion test and guards against the use of a material containing too large an 
amount of volatile hydrocarbons. Its limit of accuracy may be considered 
as being five (5) degrees above or below the reading obtained. 

Specific Gravity Test. 

a. Fluid materials: The specific gravity of fluid materials shall be 
taken in the usual way in a picnometcT at 77 degrees F. 

b. Viscous fluid and semi-solid materials: The specific gravity of these 
materials shall be taken in a cylindricjal, weighing-bottle picnometor. 

c. Hard solid materials: The spc^cific gravity of hard, solid materials 
shall be taken by the displaccmc^nt method. 

Determination of Bitumen Contents and Mesh Composition of Binder. 

Weigh out from 350 to 500 grams of the binder and extract the bi- 
tumen from it in a centrifugal (ixtractor or suitable continuous hot ex- 
tractor, using chemically pure carbon bisulphide as a solvent for the bi- 
tumen. Follow the same general method for tli(5 drying and sifting of 
the mineral aggregates as d('scrib(‘d in the', method for analyzing surface 
mixtures. The sieves to be used are as follows: 

IJ^-inch, l-in(;h, ^-inch, and 3^inch circular openings, and 10-mesh. 

(N. B.) The limits of accuracy of this test are as follows: 

For bitumen contents, three-tenths (/io) pt^r cent above or below the 
result obtained. For mesh composition, ten (10) per cent of the result 
obtained (above or below). 

Determination of Bitumen Contents and Mesh Composition of Surface 

Mixtures. 

The sample of surface mixture should be heated to about 300 (U'grecs F. 
until soft, and ten to twenty grams of it should be weighed on to a tiired 
S. & S. filter paper No. 595, 11 cms. in diameter. The filter paper and 
contents should be placed in a funnel and washed with (jlu'mically pure 
carbon bisulphide until the washings run through practically colorless. 
Dry the filter paper and residue at 250 degrees F. for one-half (J^) hour. 
Open the filter paper carefully and remove the mincTal aggregate. Scrape 
off the dust adhering to the paper as thoroughly as possible with a blunt 
palette knife and add it to the mineral aggregate. P^vaporate the filtrate 
containing the bitumen, bum the bitumen, add the filter paper to it and 
bum to an ash. Add the ash to the mineral aggregate previously re- 
moved from the filter paper and weigh. The difference between the. 
weight of surface mixture originally taken and the combined weight of 
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the ash and residue is considered as the weight of bitumen in the sample. 
The combination of ash and residue is then sifted through the following 
sieves (in the order named) and the percentages of the various sized 
particles calculated: 

200, 100, 80, 50, 40, 30, 20, 10, and 8. 

Sifting shall be continued on each sieve until less than one (1) per 
cent passes through the sieve during the hist minute of sifting. 

If dcsircnl, the surface mixture may be extractc'd in a centrifuge or in 
any suitable form of extractor with hot chemically pure carbon bisulphide, 
and the combined ash from the extracted bitumen and the mineral aggre- 
gate siftcid as above. 

(N. B.) The limits of accuracy of this test are as follows: 

For bitumen cont(?nts, three-tenths (%o) P^r cent above or below the 
result obtained. For mesh composition, ten (10) per cent of the result 
obtained (abov(^ or below). 

Samples. 

Samples should be put in clean, dry containers, preferably tin boxes 
or cans. The following amounts of the different materials are required 
for tests: 


Binder stone 5 pounds 

Filler Yz pound 

Sand 1 pounel 

Re'fined asphalt 1 pound 

Asphalt cement 1 pound 

Flux 1 pound 


Method of Sampling. 

Extreme care should be takem in every case to obtain a sample which 
is truly representative of the material to be examined. The particular 
precautions to be observed in each case arc given below: 

Binder Stone. 

A suffici(?nt number of fivcvpound samples to be taken from different 
parts of the pile. These should be thoroughly mixed together and re- 
duced by quartering to the desired size. 

Filler. 

A sample should bo taken from s(jveral bags, and the various samples 
should be mixed. 

Sand. 

Samples should be taken from the interior of the pile where the sand 
is damp. A sufficient number of one-pound samples are to be taken 
from different parts of the pile. These should be thoroughly mixed 
together and reduced by quartering to the desired size. 
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Refined Asphalt and Asphalt Cement. 

In barrels: At least one sample should be taken from each batch. It 
should be secured at sufficient depth below the surface to insure obtaining 
representative material free from all dirt or other extraneous matter. 

In tank cars: The contents of the tank should be heated until com- 
pletely liquid throughout. It shouM then be agitated and thoroughly 
mixed by means of air or steam, after which the sample may be taken 
in any convenient manner. 

In kettles: The contents of the kettles must be completely liquid and 
thoroughly agitated previous to and during sampling. TIkj sample may 
be taken from the pipe through which the material is delivered to the 
mixer or by means of a clean dipper. 

Flux. 

The directions giv('n for sampling refined asphalt and asphalt cement 
apply to this material, except that und(T ordinary conditions it is not 
necessary to agitate the contents of the tank car. 

Surface and Binder Mixtures. 

Samples should, preferably, be takem on tluj structure aftcT the mix- 
ture has been shoveled and raked. Samples taken from the plant shall 
be obtained from the wagons, special cam being observed to avoid ma- 
terial from the top of the load or which appears to vary from the aver- 
age. Samples should be pressed between sheets of paper and trimmed 
while hot to a convenient size. 

P. 136. Bitulithie Pavement 

Description . — On a properly prepared conen'te* base, as shown on the 
drawings, shall be laid the wearing surface or pavement proper, which 
shall be composed of carefully selected, tough, sound, hard, crushed limcv 
stonc, mixed with bitumen and laid as follows: 

After heating the stone in a rotary mechanical dryer to a tempera- 
ture of about 280 degrees Fahrenheit, it shall be elevated and passed 
through a rotary screen, having six or more sections with varying sized 
openings, the maximum of which shall be inches, and the minimum 
of which shall be one-tenth (Yio) oi an inch in diameter. The several 
sizes of stone thus separated by the screen sections shall pass into a bin 
containing six sections or compartments. From this bin the stone shall 
be drawn into a weigh-box resting on a scale having seven beams. The 
stone from each bin is accurately weighed in the proportion which has 
been previously determined by laboratory tests to give the best results; 
that is, the most dense mixture of mineral aggregate, and one having 
inherent stability. From the weigh-box, each batch of mineral aggre- 
gate, composed of differing sizes accurately weighed as above, shall pass 
into a “twin pug” or other approved form of mixer. In this mixer shall 
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be added a sufficient quantity of Warren’s Puritan Brand Bituminous 
Water-proof cement, varied from No. 19 to No. 24, to suit the stone used — 
or other similar compound acceptable to the Engineers — ^in sufficient 
quantity to coat thoroughly all the particles of stone and to fill all voids 
in the mixture. The bituminous cement shall, before mixing with the 
stone, be heated to between 200 and 250 degrees Fahrenheit. The amount 
for each batch shall be accurately weighed, and it shall be used in such 
proportion as has been previously determined by laboratory examina- 
tion to give the best results and to fill the voids in the mineral aggregate. 
The mixing shall be continued until the combination is a uniform bitu- 
minous concrete. In this condition it shall be hauled to the street, and 
there spread on the prepared foundation to such depth that, after thor- 
ough compression with a steam roller, it shall have a thickness of two 
(2) inches. The proportioning of the varying sizes of stone and bitumin- 
ous cement shall be such that the; compn'ssed mixture shall, as closely 
as practicable, have the solidity and density of solid stone. 

Surface Finish . — ^After rolling the wearing surface, there shall be spread 
over it, while it is still warm, a thin (joatirig of Warren’s Quick Drying 
Bituminous Flush Coat Composition, or other similar compound accept- 
able to the Engineers, by means of a suitable^ flush-coat spreading-ma- 
chine, so designed as to spread quickly ovtT the surface a uniform thick- 
ness of the said Flush Coat Composition. This spn'ading-machine shall 
be provided with a flexible spreading band and an adjustable device for 
regulating, to any ch'sired amount, the quality and uniformity of the 
composition to be spread. On grades of over 4 per cent a mineral Flush 
Coat may be used in place? of the liquid Flush Coat. 

While the Flush (’oat Composition is still warm, there shall bo spread 
over it, in at least two coats, fine particle's of liejt eirushed stone, in suffi- 
cient quantity completely te) cover the surfae^e? e)f the? pavement. The 
stone chips shall be spread by means of a suitable stone-spreaeling ma- 
chine, so designeel as to provide a storage receptacle of at le;ast five (5) 
cubic feejt capae;ity, anel rapielly anel uniformly to cover the surface of the 
pavement with the eIe\sirod quantity of stone?. This sy^reaeling machine 
shall be provided with an aeljustable attachment for regulating uniformly 
the quantity of ste)ne? spre?ad at each operation. The hot chips shall be 
immediately and thoroughly reflle?el into the surface until it has become 
cool. The purposes of the Flush (’oat Composition and the fine particles 
of hot crushed stone arc not only to fill any une?ve?nness in the surface, but 
also to make the said surface waterproof and gritty, thus providing a good 
foothold for horses. The size of the stone chips is to be subject to special 
direction by the Engineers; and they are to be of the same quality as the 
stone specified for the wearing surface. 

The roller used for compressing the wearing surface and for rolling 
the stone chips shall be operated by steam power, and shall give a weight 
pressure of not less than 250 pounds per lineal inch of roller. 
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Each layer of the work shall be kept free from dirt, so that it will 
unite with the succeeding layer. The amount of bituminous cement to 
be used for coating the heated stone for the wearing surface shall be va- 
ried as the Engineers may direct, in order to suit the varying volume 
of voids in the aggregate. The bituminous composition shall be free 
from water, petroleum oil, water-gas, tar, or inferior process tars; and 
it shall be especially refined in order to remove the light volatile oils and 
other matter susceptible to atmospheric influences. The cut-back process 
shall not be used in making the bituminous cement. 

If the fine-crushed stone used does not provide the best propor- 
tions of fine-grained particles, these must be supplied by the use of hy- 
draulic cement, pulvcrizcid stone, or very fine sand, as the Engineers may 
direct; but the amount thereof shall in no case exceed fifteen (15) per cent 
of the total mass. 

V. 137. Brick Paving 

In the following example, Portland cement grout, coal-tar paving- 
pitch, and asphalt joint fillers are included; but usually only one kind 
will be used in any one specification. 

Example 

Character of Brick . — ^All brick must be strictly No. 1 pavers of the 
sizes commercially known as ‘Nitrified block, and '' brick, '' the widths 
of which must not vary more than one-eighth (J g) of an inch. They must 
be thoroughly annc'aled, tough, and durable, regular in size and shape, 
and evenly burned. 

When broken, the brick shall show a dense, stone-like body, free from 
lime, air-pockets, cracks, or marked laminations, '’riiey must not be fire 
flashed, smoked, or treated in any manner tending to give artificially a 
uniform color outside. Kiln marks must not exc('ed three-sixteenths (^e) 
of an iiK^h in dejith and one edge at least shall show but slight kiln marks. 
All brick so distorted in burning as to lay unevenly in the pavement shall 
be reject(‘d. 

The standard size of brick shall be two and one-half inches in 
width, four (4) inches in depth, and eight and oncvhalf (83^) inches in 
length; and the standard size of block three and one-half (33^^) inches 
in width, four (4) inches in depth, and eight and one-half (8J^) inches in 
length. They shall not vary from these dimensions to exceed one-eighth 
of an inch in width and depth, and not more than onc'-half (J^) inch in 
length. If the edges of the brick are rounded, the radius shall not exceed 
three-sixteenths (/{g) of an inch. Only brick with raised lugs on one 
side not to exceed one-fourth (34) of an inch in height shall be used. 

Inspection . — ^All brick shall be subjected to thorough inspection before 
and after laying and rolling, and all rejected material shall be immedi- 
ately removed from the site. 

Factory inspection of brick including the rattler test, shall be made, if, 
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in the judgment of the Engineers, it be expedient. This test shall, how- 
ever, in no wise prevent further tests of the brick after they have been 
received upon the work, if, in the judgment of the Engineers, such is 
warranted. 

Delivery of Brick. — ^The brick shall be hauled, carefully unloaded by 
hand, and neatly piled on the walks or outside of the curbs before the 
grading is finished; and in laying shall be carried from there to the 
pavement. 

Rattler Test for Block Size. — ^The brick shall not lose of their weight more 
than 22 per cent after being submitted to the following tests, provided, 
however, that brick from any one factory and used in any one structure 
shall not vary more than eight (8) points. 

Samples of brick of uniform shape and appearance shall be taken 
from each car tested (estimated at 10,000 brick). Brick having defects 
that would cull thc'm shall not be used. Three grades of samples shall be 
tested — one of the softest, one of the medium, and one of the hardest 
burned. If all of the t('sts overrun thc^ above perc^entage of loss, the car 
shall be rejected. If one or two of the tests overrun, another test of the 
said grade or grades shall be made. Should only one of these tests over- 
run the specified percentages of loss, the CUmtractor may cull the said 
grade, provided they do not cx(?eed ten (10) per cent of the amount of 
brick in the car, and deliver the balance on the work. Otherwise the 
whole carload will be rejected. 

In ord(?r to prevent the continued shipments of inferior brick, two 
cars of two separate shipments of any make of brick will be tested. Should 
they fail to meet the reciuirements stated above, the said make of brick 
will be rejc^cted. 

Number and Condition of Brick. — ^Ten (10) paving brick shall consti- 
tute the number to b(' used in a single test. The brick shall be thoroughly 
dried for at least three (3) hours in a temperature of one hundred (100) 
degrees Fahrenheit before testing. 

Te^ts before Unloading. — ^The Contractor shall notify the Engineers of 
the location and car number of each carload of brick received, so that 
samples, if deemed necessary, may be taken and tested; and no brick 
shall be delivered, at or adjacent to 1 he sit(^ until a written statement has 
been received from the Engineers or their authorized representative, that 
they have been superficially inspected or have passed the required tests. 
Decision relative to each carload will be made within twenty-four (24) 
hours of notice. Permission to deliver brick on the line of work shall not 
be considered a final acceptance in any respect. 

Making the Rattler Test. 

The machine shall be of good mechanical construction, self-contained, 
shall conform to the following details of material and dimensions, andr 
shall consist of barrel, frame, and driving mechanism as herein described. 
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The Barrel . — The barrel of the machine shall be made up of the heads, 
headliners, and staves. 

The heads shall be cast with trunnions in one piece. The trunnion 
bearings shall not be less than two and one-half (2}^) inches in diameter 
or less than six (6) inches in length. 

The heads shall not be k^ss than three-fourths (%) of an inch thick 
nor more than seven-eighths of an inch. In outline they shall be a 
regular fourteen (14) sided polygon inscribed in a circle twenty-eight and 
three-eighths (28^) inches in diameter. The heads shall be provided 
with flanges not less than three-fourths inch thick and extending 
outward two and omi-half (2J4) inches from the inside face of head to 
afford a means of fastening the staves. The flanges shall be slotted on 
the outer edge, so as to provide for two (2) three-fourths (^)inch bolts 
at each end of each stave, said slots to be thirten^n-sixteenths inch 
wide and two and threesfourths (2%) inches from ctmtre to cemtn^ Under 
each s(;ction of the flang(^s there shall be a brac,e three-eighths (^) inch 
thi(!k and extending down the outside of iho. lu'ad not less than two (2) 
inches. Each slot shall be i)rovided with a nicess for the bolt head, which 
shall act to prevent the turning of the same. There shall be for. each head 
a cast iron hc^adliner one (1) inch in thickness and conforming to the out- 
line of the head, but inscribcnl in a circk^ twenty-eight and one-eighth 
(28yQ inches in diameter. This liner or wear plate shall be fastened to 
the head by sev('n (7) five-eighths (5^^) inch (?ap screws through the head 
from the outsid(i. Theses wear plates, whenever they becomti worn down 
one-half (3^) inch b(4ow their initial surface level at any point of their 
surface, must be replactnl with new. The metal of which these wear 
plates are to be composed shall be what is kno^vn as hard machin(*ry iron 
and must contain not less than one (1) per cent of combined carbon. The 
faces of the polygon must be smooth and must give uniform bearing for 
the staves. To secure the desired uniform bearing the faces of the head 
may b(5 ground or machined. 

The Staves . — The staves shall be made of six (6) inch medium steel 
structural channels twenty-seven and one-fourth (27}^) inches long and 
weighing fifteen and five-tenths (15.5) pounds per lineal foot. 

The channels shall be drilled with holes thirteen-sixteenths of 
an inch in diameter, two (2) in each end, for bolts to fasten same to head, 
the centre line of the holes being one (1) inch from either end and one 
and three-eighths (1^) inches either way from the longitudinal centre 
line. 

The spaces between the staves will be determined by the accuracy of 
the heads, but shall not exceed five-sixteenths (^g) of an inch. The 
interior or flat side of each channel must be protected by a lining or wear 
plate three-eighths (^) inch thick by five and one-half (5}4) inches wide by 
nineteen and three-fourths (19%) inches long. The wear plate shall con- 
sist of a medium steel plate and shall be riveted to the channel by three 
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(3) one-half (J^) inch rivets, one of which shall be on the centre line both 
ways and the other two on the longitudinal centre line and spaced seven 
(7) inches from the centre ('ach way. The rivet holes shall be counter- 
sunk on the face of the wear plate, and the rivets shall be driven hot and 
chipped off flush with the surface thereof. These wear plates shall be 
inspected from time to time, and, if found loose, shall be at once re-riveted; 
but no wear plate shall “eplaced by a new one except as the whole set 
is changed. No set of w('ar plates shall be used for more than one hun- 
dred and fifty (150) tests under any circumstances. The record must show 
the date wluai each set of wear plates goes into service and the number 
of tests made upon each set. 

The staves when bolted to the heads shall form a barrel twenty (20) 
inches long, inside measurement, between wear plates. The wear plates 
of the staves must be so placed as to drop between the wc'ar plates of the 
heads. These staves shall be bolted tightly to the heads by four (4) 
three-fourths (5i)-inch bolts. Each bolt shall be provided with lock nuts 
and shall be inspected at not Ic'ss frequent intervals than every fifth (5th) 
test, and all nuts shall be k(‘pt tight. A record shall bc' made after each 
such inspection, showing in what condition the bolts were found. 

The Frame and Driinug Mechanism . — ^^Phe barrc‘1 shall be mounted on a 
cast-iron frame of sufficatmt strength and rigidity to support the? same 
without undue vibration. This shall n'st on a rigid foundation, and shall 
be fastened tlu'n'to by bolts at not k'ss than four ])oints. 

The barrel shall be driven V)y gearing in whi(;h the ratio of driver to 
driven shall not be less than one (1) to four (4). The countershaft upon 
which the driving pinion is mountcid shall not b(^ less than one and fift(;en- 
sixteenths (l^'/ie) inches in diameter, with b(?arings not less than six 
(6) inches in length and belt driven; and the* pulley shall not be less than 
eighteen (18) inches in diamet(»r and six and one-half (G^^) inches in 
face. A belt of six (6)-inch, double-strength leather, properly adjusted 
so as to avoid unn('C(\ssary slipping, shall be us(h1. 

The Abrasive Charge . — The abrasive charge shall consist of two sizes 
of cast-iron spluTes. The larger size shall be three and seventy-five hun- 
dredths (3.75) inches in diameter when new, and shall w(?igh then approxi- 
mately seven and five-tenths (7.5) pejunds (3.40 kilos) each. Ten shall 
be used. 

These shall be weighed separately after each ten tests, and if the 
weight of any large shot falls to seven (7) pounds (3.175 kilos) it shall 
be discarded and a new one substituted; provided, however, that all of 
the large shot shall not be discarded and new ones substituted at any 
single time, and that so far as possible the large shots shall compose a 
graduated series in various stages of wear. 

The smaller size sphere shall be, when new, one and eight hundred and 
seventy-five thousandths (1.876) inches in diameter, and shall weigh not 
to exceed ninety-five hundredths (0.95) of a pound (0.430 kilo) each. 
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Of these spheres so many shall Ikj used as will bring the collective weight 
of the large and small spheres most nearly to three hundred (300) i)ounds, 
provided that no small sphere shall be retained in use after it has been 
worn down so that it will pass a circular hole one and seventy-five hun- 
dredths (1.75) inches in diameter drilled in a cast-iron plate one-fourth 
(}4) ii^ch in thickness, or if it weigh less than sev(mty-five hundredths 
(0.75) of a pound (or 0.34 kilo.). Further, the small spheres shall be tested 
after every ten tests, by passing them over such an iron plate drilled with 
such holes, or by W(?ighing, and any which i)ass through the holes or fall 
below the specified weight shall be replaced by new spheres; provided, 
further, that all of the small spheres shall not be rejectcnl and replaced by 
new ones at any one time, and that so far as possible the small spheres 
shall compose a graduat(?d scries in various stages of wear. 

If at any time any sphere is found to be broken or defective it shall at 
once be replaced. 

The iron composing these spheres shall have a chemical composition 
within the following limits: 


Combim^d car])on Not k^ss than 2.50 per cent 

Graphite carl )on Not more than 0. 10 per cent 

Silicon Not more than 1.00 per cent 

Manganese Not mon; than 0.50 per cent 

Phosphorus Not more than 0.25 per cent 

Sulphur Not more than 0.08 per cent 


For each new batch of spheres used the chemical analysis must be 
furnished by the maker, or be obtained by the usct, bc'fore introduction 
into the charge; and unless the amilysis im^ets thc^ above specifications, 
the batch of spheres shall be rejected. 

The Test . — rattler shall be rotated at a rate of not l(\ss than 29J^ 
nor more than 30 revolutions per minute, and 1,800 revolutions shall 
constitute the standard test. A counting machine shall bo attached to 
the rattler for counting the revolutions. 

A margin of not to exceed ten revolutions will be allowed for stop- 
ping. In case a charge is allowed to run several minutes beyond its 
proper termination, and the loss incurred is still within the prescribed 
limits, then the test shall not be discarded, but the fact shall be entered 
on the record. 

Stopping and Starting . — Only one start and stop per test is regular 
and acceptable. If from accidental causes a test is stopped and started 
twice extra, and the loss exceeds the maximum permissible, the test shall 
be disqualified, and another shall be made. 

The Results . — ^The loss shall be calculated in percentage of the original 
weight of the dried brick composing the charge. In weighing the rattled 
brick, any piece weighing less than one (1) pound shall be rejected. 
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Tlie Record . — ^Thc operator shall keep an official book, in which the 
alternate pages are perforated for removal. The record shall be kept in 
duplicate, by use of a carbon paper between the first and second sheets, 
and when all entries are made and calculations are complected, thee original 
record shall be removc'd and the carbon duplicate i)reserved in the book. 
All calculations must be made in the space left for that purpose in the 
record blank and the actual figures must appear. The reeiord must bear 
its serial number and bee filled out (5omi)let('ly for each test; and all data 
as to dates of inspections, weighing of shot, and replacc'ment of womout 
parts must be can^fullj'' entered, so that the record remaining in the book 
shall constitute a continuous one. In event of furtluT copies of a record 
being needed, th(*y may be furnished on sceparate slu'ots, but in no case 
shall the original carbon copy be removed from tluc riccord book. 

The blank form upon which the record of all official brick tests is to 
be kept and reported is as follows: 

REPORT OF STANDARD RATTLER TEST OP PAVING BRICK 

Idont ifkiit ion Dal:i (Si*ri:il No. ) 

Name of firm furnishing sample 

Name of the firm manufacturing samph' 

Bridge or job which sample* r(»prcscnts 

Brands or marks on the brick 

Quantity furnished Drying treatment 

Date received Date* tested 

Length Br(*adl h Thickness 

Standardization Data 

Number of charges testecl since last insj>c*ction 


Weight of charge* (aff(*r standardization) 

C'onditiori of locknuts on slaves 

Omdition of scales 

Ten large sphc*r(;s 

Small spheiys 

Total 

Number of charges testcnl since; stave; linings were; r(;new<*d 

Repairs (Note any repairs affecting the cimdition of the barrel) 

Running Data 

Time readings — Hour Minutes Seconds 

Revolution counter n*adings Running notes, stops, etc 

Ik'ginning of test 

Final reading 

Weights and Calculations 

Initial weight of ten bricks 

Final weight of same 

Loss of weight Percentage loss 

Note: (The calculations must appear) 
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Number of broken bricks and remarks on same 

I certify that the foregoing test was made under the specifications of. 
and is a true record. 

Signature of tester 

Date Location of Laboratory 


ConsinLction of the Pavement, 

Foundation . — ^The foundation shall be a concrete base as sho^vn on 
the drawings. 

Sand Cushion . — Over the foundation, which must be thoroughly 
cleaned, shall be spread to a uniform depth of one and one-half ( 13 ^) 
inches (after rolling) a cushion of clean, sharp sand, free from foreign 
matter, except that it may contain not to exceed 10 pcT cent of loam. 
The sand must be fairly well graded from one-quarter {]4) inch to that 
which will be n^tained on No. 50 standard mesh sieve. TIk^ word “sand” 
includes broken stone or slag mec'ting the specified grading. 

The cushion shall be can'fully shaped to a true (Toss-seetion of the 
roadway by means of a t(*rnplate having a stcel-fa(‘(Kl edge, covering at 
h^ast one-half (3^) the width of iho brickwork, and so fitted with rollers 
as to b(5 ('{isily drawn on the curb and guide timlxTs or rail. 

Template . — ^The template shall be built in substantial accordance with 
the plans. 

Guide Timbers . — Guide timl)ers shall be one and one-half (13^) inches 
by four (4) inches by sixte'cn (1(3) feet, dressed on two sides, laid to a true 
surface in the centre of the street, and also next to the curb if the curb 
cannot be us(h1. 

Shaping Cushion . — ^Before shaping the cushion, one-half {Yf) inch 
strips shall be laid on the curb and guide timbers, or rail, and the tem- 
plate shall be dra^^Tl over the same, after which tlu' one-half (3^^) Rich 
strip sliall be removed, anel the cushion shall be slightly moisteiu'd and 
rolled oveT its e'litirc surface with a hand re)ller. The* rolle^r shall ne)t be 
l(\ss than thirty-six (36) inche's in diameter or twt'iity-four (24) inches in 
width, anel shall we'igh not le'ss than ten (10) pounds per inch of wielth. 
It shall have^ a handle twelve (12) feet in le*ngth. After reeling, the 
template shall be drawn over tlie curb and guiele? timbeTs or rail, to com- 
plete the cushion, which sliall be prepared at least fifty (50) feet in ad- 
vance of the brick laying. 

Laying the Brick . — The brick shall be laid in straight lines on edge, 
at right angles to the curb. At intersections they shall be laid as directed. 
Brick shall be laid with the lug sides all in the same direction. Brick 
must be placed close together, both ends and sides, breaking joints at 
least three (3) inches. At every fourth course the brick shall be driven 
together to secure tight joints and straight courses, and all thick brick 
shall be removed. Brick shall be used with the best edge up. Broken, 
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chipped, or warped brick, not suitable to lay as a whole, may be used for 
batting. 

When any section shall contain more than ten (10) per cent of culls, 
the brick shall b(i taken up and the cushion adjusted. Brick shall be 
laid from curb to curb, or from car track to curb. 

No bats or broken brick shall be used except at curbs or at street car 
tracks. Batting for closures shall immediately follow the laying. 

Joints shall bo cut square with the top and sides of the brick, and 
must be k(‘pt clean and open to the bottom until filled as specified. 

Strcel-Car Tracks . — ^Along the street-car tracks the brick must not be 
laid within one-quarter (I'Q of an inch of the rail, and when rolled shall 
be one-quarter (34) inch below the top of the rail. 

The space between the web of the rail and the brick shall be filled with 
cement mortar, consisting of two (2) parts of sand and one (1) part of 
Portland cement. The mortar shall be in proper condition and the edge 
shall be constructed to a straight line before the brick are laid. 

Expansion Joints for Cement Grout Filler. — ^E.^qiansion joints shall be 
placed parallel with and at each of the curb lines, and shall be one and 
one-half (IJ^) inches in width. The joints shall be made by placing 
together on edge, parallel with the curb, two wedge-shaped strips six 
(6) inches in width, and dressed on two faces. The strip next to the 
curb shall be one (1) inch wide on top, beveled to a thickness of one- 
half (3^) inch at the bottom, and the strip next to the brick shall be of 
the same diim^nsions and placed in a reverse position. The brick shall 
be laid lightly against said strips. Soon after the; pavement has been 
grouted and the cemcmt fillcT has sot, and the pavement is in all other 
resp(!Cts finished, the strips shall be removed, the joints thoroughly cleaned 
out, and immediately completely filled with a bituminous filler composed 
of a material which, when penetrated by a No. 2 necMlle under a weight 
of 200 grams for one (1) minute at a tcmp(Taturc of 32® Fahr., will 
have a penetration of not less than 20, and when penetrated by a No. 2 
needle under 50 grams for five (5) seconds in a tempe^rature of 115® 
Fahr., will not have a penetration of ovct 100. 

A premoulded expansion strip made of a material unaffected by the 
action of water or street liquids may ho used along each curb line, if it 
meets all the reciuinanents for the joint filler herein specified. These 
strips shall not be less than three quarters (?4) of an inch in width for 
a thirty (30) foot street or under, increasing proportionately in width 
to one and one-half (13^) inches in width for a fifty (50) foot street or 
over. 

Rolling . — ^After the brick in the pavement have been passed for rolling 
and the surface swept clean, the pavement shall be rolled with a roller 
weighing not less than three (3) nor more than five (5) tons, in the fol- 
lowing manner: The brick next the curb shall be tamped with a hard- 
wood tamper to the proper grade. The rolling shall then commence near 
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the cutb at a very slow pace, and shall continue back and forth toward 
the centre, until the centre of the roadway is reached; then, passing to 
the opposite curb, it shall be repeated in the same manner to the centre 
of the roadway. After this first passing of the roller the pace may be 
quickened and the rolling continued until th('. brick pavement has a smooth 
surface. The pavement shall then be rolled transversely at an angle of 
forty-five (45) degrees from curb to curb, repeating the rolling in the 
opposite forty-five (45) degree direction. Before and after this transverse 
rolling has taken place, all broken or injured brick must be taken up and 
replaced with perfect ones. The substitute brick must be brought to 
the true surface by tamping. 

After final rolling, the pavement shall be tested with a ten (10) foot 
straight edge, laid paralhd with the curb, and any deprt^ssion exceeding one- 
quarter (34) of an inch must be taken out. If necessary, the pavement 
shall be again rolled. 

Portland Cement Grout Filler . — ^The filler shall be composed of one 
part each of fine, clean, sharp sand and Portland cc'ment. 'llie latter 
shall comply with the standard requirements given elsc^where; in this 
specification. 

The sand shall be clean anei sharp, fairly well graeled from that passing 
a 20-standarel sieve te) that retaineel on a 100-stanelarel sieve. Sand shall 
be me^asured in a box having the same cubical contents as one sack of 
cement. 

Before any grouting is done, a sufficient amount of cement and an 
equal amount of sand te) enmplete the work preparenl for gre)uting at 
that time, but not to exceed onevhalf (34) day's run, shall be thoroughly 
mixed dry until the mass assumes a uniform color. P>e)m this mixture 
an amount not exceeding two (2) cubic feet shall be taken and placed 
in the? grouting be)x, anel enough cle'an wateT shall be aeleled to obtain a 
grout that will penetrate to the bottom e)f the brick. From the time' the 
wate'r is applienl until all is re'moved anel floated into the joints of the 
pavement, the mixture must be kept in constant me)tion. A rnejchanical 
mixer approved by the Engineers that will me'et these re'quireme'iits may 
be used after the dry mixture of siind and ceme^nt has been maele. Before 
the grout is applied the brick shall be thoroughly wet by b(?ing gently 
sprayed. 

The water shall be added to this dry mixture in a box preferably 
about four (4) feet eight (8) inches long, thirty (30) inches wide, and 
fourteen (14) inches deep, resting on legs of different lengths, so that 
the mixture will rapidl> flow to the lower corner of the box, the bottom 
of which shall be about three (3) inches above th(? pavement. One box 
shall be used tor each fourteen (14) feet in width of roadway, and at 
least two (2) boxes must be used in all cases. 

The grout shall be removed from the box with scoop shovels and 
applied to the brick in front of the sweepers, who shall rapidly sweep 
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it lengthwise of the brick into the unfilled joints, until the said joints 
are filled to within not more than one-half (}^) inch of the top of the 
brick. After the grout has had a chance to settle into the joint and 
before the initial set develops, the balance of every joint shall be filled 
with a thicker grout, and, if necessary, refilled, until the joints remain 
full to the top. 

After this application has had time to settle and before the initial 
set takes plac(', the pavement shall be finished to a smooth surface with 
a squecg('e, or woodc'ii scraper, having a rubber edge, which shall be 
wwkc'd over the brick at an angle therewith. 

When completed and after the cement has received its initial set, the 
pavement shjdl be covered with a one-half (3^^) inch laycT of sand, which 
shall be frequently sprinkled in warm weather. No travel shall be p(T- 
mitted on the pavement for a p('riod of at least seven (7) days after 
grouting, or longer, as the Engiiu^ers may n^quin^ on account of weather 
conditions. 

Ample barricades and watchmen shall be provided by the Contractor 
for the proper protection to the grouting. 

Coal-Tar Paving-Pilch Filler . — The joints or spaces between the bricks, 
and those between the bricks and the curb, railroad tracks, around man- 
holes, etc., shall be filled with coal-tar paving pitch, which shall comply 
with the following requirements: 

Physical Propeiiies. — Wh(‘n in place in the pavement, it shall bo of 
such character that it will adh(TC firmly to the paving brick and to the 
curb, and shall be suffi(;iently plastic to allow for the contraction and 
expansion of the pavemc'iit without developing cracks in the joints. The 
filler shall be such that it will n'tain its consistency undcT extreme tem- 
perature. It shall be; proof agaiiLst action by watcT and all acids and 
alkalies to which the jiavc^ment may be exposed. The free ciarbon shall 
not be; less than 25 per cent, nor more than 40 per cent. The specific 
gravity shall not be less than 1.23 nor more than 1.30 at 00° P'ahr. 

Melting Point . — It shall have a melting point varying not more than 
5° from 135° Fahr., det(Tminc»d by the cul)c method (hc?r(?lnafter described.) 

Method of Use . — ^The fillcjr shall bo licjated and poured into the joints 
to the full depth therciof, at a temperature of not less than 300° Fahr., 
nor greater than 350° Fahr. All joints shall be completely filled at the 
top. The top dressing of sand shall be sprciad ovct the pavement imme- 
diately after the filler is applied and while it is still soft. In cold weather 
the sand shall be heated so as readily to bond with the pitch. Extra 
care; shall be used at the gutters and around catch-basins, etc., effectually 
to prevent the leakage of water into the sub-roadway. 

Test for Melting Point of Pitch Filler . — ^A clean-shaped one-half inch 
cube of the pitch is to be formed in a mould and suspended in a beaker 
jso that the bottom of the pitch to be tc^sted is one (1) inch above the 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 1835 


bottom of the said beaker. The pitch is to remain for five (5) minutes 
in water of a temperature of 60® Fahr. before heat is supplied. Heat is to 
be applied in such a manner that the temperature of the water is raised 
9® Fahr. each minute. The temperature recorded by the thermometer 
at the instant the pitch touches the bottom of the beaker is to be con- 
sidered the melting point. 

Asphalt FUUt . — ^^rhe interstices of the brick shall be completely filled 
with an asphalt fill(T lieated to a temperature of not less than 350® Fahr. 
nor more than 450® Fahr. This asphalt filler shall not contain pitch nor 
any part of coal tar. It shall contain at k'ast ninety-eight (98) per cent 
of bitumen soluble in carbon bisulphide. It shall remain pliable at all 
temperatures to which it may be subjecbnl as a strec^t paving filler; it 
shall be absolut(?ly proof against water and street liquids; it shall firmly 
adhere to the brick and b(^ jdiablc rather than rigid. Can^ shall be exer- 
cised complc^tely to fill all openings around street structures, and the stn'et 
shall not b(^ used for traffic until the filler is thoroughly set. A top dress- 
ing of sand shall be spn'ad immediately after the filler is applied and 
while it is still soft. 

The penetration shall conform to the following: 

No. 2 needle, 5 sec., 100 grams at 77® Fahr., 25 to 60. 

No. 2 ne(Mlle, 1 min., 200 grams at 32® Fahr., not below 25. 

No. 2 needle, 5 sec., 20 grams at 115° Fahr., not above 110. 

Maintenance .. — The period of guaranty shall b(‘ five (5) years. During 

the said period, whenever the surface of a vitrifi(Ml brick pavenumt be- 
com(*s uneven, holding water one-fourth (If) of an inch or more in depth 
in a distance of four (4) feet or h'ss, or wlien the pavc'ment on embank- 
ments has sc'ttled over trcmches (*xisting previous to the compl(‘tion of the 
pavement, th(?n the brick shall be taken up and ndaid to propcT crown 
and grade. 

Any brick which may b(^ found soft, unsound, broken, or disintegrated, 
and all portions of the pavemc'nt which may have l)eeome rough by rc'ason 
of the chipping or breaking of the ('dges of (Ik* brick, so as to produce 
joints ex(;eeding one-half (J^) inch at a point on('-qiiart(T (Jf) inch below 
the surface of the brick, shall be removed, and properly n'placcnl with 
sound material. 

P. 138. Catch-Basins 

At proper intervals, as indicated on the drawings, catch-basins are to 
be built for the collection of water, which is to be led to the groimd 
from these or discharged into the river by down-spouts. 

P. 139. Down-Spouts 

Down-spouts of the sizes and quality indicated on the drawings are 
to be provided at the catch-basins. They are. to be carried to the ground 
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or connected to the sewers wherever the Engineers so direct. In general, 
cast iron pipes are to be used in city streets, or wherever they are liable 
to receive injury, and either copper or the best quality of tin elsewhere. 

V. 140. Sidewalk Floors in General 

These should b(? described thoroughly in detail. Sometimes they are 
built of reinforc('d concrete or granitoid; at other times of untreated timber. 
Creosoted timber is seldom used for sidewalks, because the untreated is 
so miK^h cheaper and bc^eause wooden sidewalks are easily renewed or 
repaired, almost without int(‘rforence with traffic thereon; and furthermore, 
the creosote is very undesirable on a footwalk. Asphalt sidewalks are 
sometimes employed, but they are not as satisfactory as granitoid ones, 
and it is not likely that they will ever be called for. 

The following are t3T)es of specifications for sidewalks of the two 
usual kinds: 

P. 141. Timber Sidewalk Floors 

The sidewalk floors are to be built of dressed timber in the most sub- 
stantial and thorough manner practicable, in order to prolong their life 
to the utmost. Wherever timber comes in contact with other timber 
or with the steel work, it is to be thoroughly painted with hot asphalt. 
All holes of any kind which arc bonnl in any of the timbers arc to be 
thoroughly saturated with hot asphaltum; and all bolts and faces of 
washers which are to be placcnl in direct contact with the timber are 
to be warmed and dipped in a vat of the same material. 

L 142. Granitoid Sidewalks 

The sidewalks are to be of reinforced granitoid 

(. ..) indies thick, as is indicated on the drawings. The top is to be 
brought to the exact surfacie required and finishcMl smooth. The propor- 
tions for ihe granitoid arc to be one (1) part of Portland cement, two (2) 
parts of clean, coarse, sharp sand, and thn^e (3) parts of granite chips 
broken so small as to pass a one-half (^) inch iron ring. 

P. 143. Expansion Plates for Floors 

At all expansion points, the open spaces in the pavements or flooring 
are to be covctchI with steel plates fastesned at one side and free to move 
at the othcir. 

P. 144. Concrete Sidewalks 

Concrete sidewalks on ground or embankments shall be constructed 
as follows: 

The sidewalks shall not be built until the curbs arc in place. Any 
soft or unsuitable material found in the sub-grade shall be removed and 
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the space filled with bank gravel, cinders, or other satisfactory material. 
The sub-grade shall be compacted and brought to correct elevation by 
rolling or tamping to the satisfaction of the Engineers. Concrete mixed 
as herein specified, of proportions one (1) part of cement, three (3) parts 
of sand, five (5) parts of broken stone or gravel to pass a two and one- 
half ( 23 ^) inch iron ring, sliall be placed on the sub-grade, the entire thick- 
ness of slab, except the surface finish, being placed at one operation. 

The upper i)()rtion of the sidewalk slabs, three-fourths {%) of an inch 
thick, shall consist of one part of Portland cement to one and one-half 
(1/4) parts of sand. It shall be placed and finished by floating before 
the mortar in the concrete composing the remainder of the slab has set. 

I. 145. Pavement Base and Curbs on Embankments 

The surface of ground or fill is to be thoroughly rolled and compacted. 
The rolling is to Ix^ done with a roller weighing not l(‘ss than ten (10) tons, 
and it is to b(^ (continued until the ground shall ho. brought to conform 

to the finished grade, being ( ) inches lower than the same 

and parallel th(T(‘to. CoiuToto mixed as heroin specified, in the propor- 
tion of one (1) part of ci'mi'iit, three (3) parts of sand, and five (5) parts 
of broken stones or grav(jl to pass a two and one-half ( 234 ) inch iron ring 

shall be laid thereon to a depth of ( ) inches; and the entire 

thi(!kness is to be plac(?(l at one operation. 

The curbs on the street and embankment beyond the ends of the 
steel work are to b(^ made of concr(?te as above specified, and finished on 
the expos(Hl front side and the top with mortar, mixed in the proportion 
of one (1) part of cement to three (3) parts of sifted sand. The mortar 
is to be plastered inside the form immediately before the concrete is placed 
and the; top finish is to be put on bc'fon; the; concrete s(;ts hard. The curb 
is to be cut entirely through, making blocks not exc(;cding six (G) feet 
in length. All exposc;d surface's shall be carefully finished by troweling to 
a smooth and eve;n finish; and they must be le?ft free from irre'gularities 
and de'pressions. The angle;-iron guard, whe'n called for by the plans, is 
to be placed eis the curb is constructed; and it is to be maintained in 
position so to be exactly flush with the finished surface of the concrete. 

P. *146. Macadam Pavement 

The sinface of the roadway shall be excavated to the depth required 
by the Engineers, then rolled and compacted with a steam roller weighing 
not less than tc;n (10) tons; and, when thoroughly compacted to the 
satisfaction of the Engineers, it shall be left true to sub-grade, which will 
be twelve (12) inches below and parallel to the established cross-section 
of the street, as shown on the accompanying plans. Any soft or spongy 
ground shall be removed, and such excavation and other depressions as 
may appear shall be filled with dry earth or broken stone and rolled until 
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the wliole surface is firm and solid, as the Engineers may direct. When- 
ever necessary, drain pipes shall be laid for the purpose of draining such 
portions of the sub-grades as the Engineers may deem to require such 
treatment. Sue*h drains shall consist of first-eslass vitrifieel four (4) inch 
sewer pipe laid with oi)en joints, the latter to be completely covered by 
wrapping-strips of canvas of sufficient width to prevent the earth filling 
from obsti-ucting the joints. Drain tile's covereel with broken stone may 
be used inst('ael of the sew’cr pipe's. The pipes or tik's shall be laid to 
such lines and grades as may be directed by the Engine'e'rs, not less than 
eight('en (18) ine*he's below the finislu'ei sulv-grade to be draine^d, and of 
sufficient eU'pth e'Jsenvhere to reach the ne'arest possible outlet. 

On the sub-grad(' thus i)re'pared shall be spre'ad a laj'^c'r of crusher- 
bre)ke'n limestone, which, wIk'ii thoroughly ce)mpacteel by reeling, to the 
satisfaeition of the Engiiu'ers, shall be six (G) ine^hes in depth, nie steme 
in this layer shall be good, sound limestone, practically uniform in quality, 
as near an approach to a cube' jis i)ossible, broken so that the gn'atest 
dimension shall not c'xec'ed three and onc'-half (3)^^) incdies and shall not 
be less than two (2) inches, and free from dust, dirt, and screenings. All 
stones that are w('dge-shax)ed, or which do not approach uniformity of 
measurem('nt, shall be taken from the roadlx'd; and no stones shall be 
allow(Hl to n'liiain which are not sound, strong, and ecpiable in size; and 
quality of material. Should any unevenm'ss or d('pressions appc'ar in the 
rolled surface of this layc'r, they shall be filk'd with brok(*n stone and re- 
rolled until a firm, thoroughly compact, even surface is obtained that is 
six (6) inches below and parallel to the established finished surface cross- 
section of the i)av('ment. 

Upon the abovc'-described stone foundation will be placed a layer of 
broken limestone; of the sjime quality as above specified and of sufficient 
depth to bring this la}Tr to a uniform finish, free; from irregularitie's and 
depressions, to two (2) inches ImjIow and parallel to the established cross- 
section. The stone in this laye'r shall be broken so that the; great(;st 
dimension, shall not exc(;('d two and onc'-half (2J^) inchc's and shall not 
be less than one and one-ejuarter (IM) inches; and of this material from 
sixty (GO) to s(;v('nty-five (75) per cc'iit shall not be k'ss than two inches 
in its least dimension. This laj^tT shall be thoroughly compacted by 
rolling, and all d(;fects in the surface shall be corr(;cted before sprc'ading 
on it any of the limi'stone screenings or wearing surface material. There 
shall then be cast upon this layer from the side of the roadway a suffi- 
cient quantity of clean limestone screenings to fill compk;tely all inter- 
stices. This layer shall then be flooded with water and rolk;d until it is 
compact and solid and until it c(;ascs to cree.p under the action of the 
rolk'r, and until the screenings and water flush to the surface upon all 
parts of the roadway. The limestone; screenings shall be clean and free 
from all clay, dirt, or other foreign matter, and of such size and quality 
as shall be; acceptable to the Engineers. No sprinkling wagon having 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 


1839 


tires less than six (6) inches in width shall be used to flush or water this 
layer. 

Upon the second course, prepared in the manner above descril^ed, there 
shall be spread a layer of broken limestone, which, when thoroughly (com- 
pacted by rolling, shall be two (2) inches in depth. The stone in this 
layer shall b(^ of th(5 (quality previously describ(Ml for the other layers, and 
shall be broken so that th(i greatest dimensions shall not cxccced two and 
one-half (2}^) inches and so that its least dinumsion shall not be less 
than one (1) inch. This layer shall be thoroughly compacctc'd, without the 
use of any water, by rolling to the satisfaeiion of tluc Engimn^rs. Should 
any unccvcmnesses or depn^ssions appear, they shall be filled with small- 
size broken stone and re-rolled until a firm, thoroughly compacct, even sur- 
face is obtained that is true to the ('stablished fiuislK'd-surface cross-section 
of th(; pav(*mc?nt. 

Upon the above wearing surface an asphaltic cement of the quality 
specifi('d previously for asjdialt i>av('ments, or of (lualily in every particu- 
lar acceptable* to the Engineers, shall b(c c'V('iily spread with suitable ap- 
paratus, so as (!ompl<*tc*ly to coat all the sloiu* and p(*iu*trat(c to the bottom 
of th(' wearing surface. Not l(‘ss than two (2) gallons of asj)halt to the 
squares yard shall be us(*d; and its t(*mp(Tature at the time of application 
must be b(*tween 300° and 300° Fahr. It shall lx* applic'd only when the 
stone is thoroughly dry. Immc'diatc'ly after the appli(*ation of the as- 
phaltic cement this \t\yor shall Ixc covc'n'd with a suflicient quantity of 
ckcan limestone screenings to fill completely all the interstices, and tlu'n 
the surfacdi shall be thoroughly rollc'd to the satisfaction of the Engineers, 
until it is (compacct and solid, until the material C(\ases to cncep under the 
action of Hue roll(*r, and until the surface is smooth and tnuc to grade. 
The quality of the limestom* senvnings shall be as previously sp('cifi('d 
for th(^ otluT lay('rs. The screenings shall be cast on the surface from 
the sid(\s of thc^ roadway. The surface of this w(*aring lay(T shall then 
be swept cl(*aii of all (hist, dirt, or loose particles of macadam, and shall 
th(m receive a second aiijilication of the asphalt cement above specified. 
This coating shall completely cover all tin* stone; but care must be taken 
that no ex(5ess is applied. Not less than onc'-third (J nor more than oiuv 
half (J4) gallon of asphaltic cement per squan* yard shall be used for this 
course. Immediately after the application of this coating, anotluT thin 
layer of screenings, as above specific'd, shall be applied to the surface of 
the road, and all shall then be thoroughly rerolled to the satisfaction of 
the Engineers. 

I. 147. Pavenient Guarantee 

The Contractor will be requinxl to give a guarantee, satisfactory" to 
the Purchaser and substantiat(?d by a surety comi>any bond, to maintain 

the pavement for a period of ( ) y(*ars 

from the date of its acceptance, correcting during that time, at his own ex- 
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pc‘ns(», immediately upon the direction of the Purchaser, any defects that 
may occur. If at the date named the pavement is in proper condition, 
the Purchaser will accept it and release the sureties of the guarantee; or, 
if it is not in proper condition, the Contractor shall make all such correc- 
tions as the Purchaser may deem necessary to place it in perfect condition 
before final acceptance and the consecpn^nt release of the sureties. 

P. 148. Filling of Column Feet 

All boxed spaces at column feet of trestles, after being thoroughly 
painted and after th(5 paint has dried, an; to be filled with Portland cement 
grouting, mixed in the proportion of one (1) part of cement to two (2) parts 
of sand. If the Engineers so pc'rmit, two parts of fine broken stone or 
gravel may be mixed with the grouting, when the spaces to be filled are 
large. 

P. 149. Timber Construction in General 

The framing of all timber is to be dom; well and carefully by skilled 
carpenters, with neat joining and tight fitting throughout; and all timber 
work must be done in the most substantial and thorough manner practi- 
cable. Ample numbers of fastenings, as called for on tlu; drawings, or as 
may be required by the I^ngineers, are to lx; used so as properly to connect 
all parts. 

All timber bolts arc to be of soft st(;el and are to have square or hexa- 
gonal heads and nuts and U. S. standard thn^ads. 

Wherever timber comes in contact with other timber or with the steel 
work it shall be thoroughly coat('d with hot asphalium, and all holes which 
are bored in the timber are to be effc'ctivcly saturated then'with. All 
bolts and washers which arc to be placed in direct contact with the timber 
are to be warmed, then dipped in hot asphaltum. 

P. 150. Machinery ami Shelter Houses of Timber Construction 

All materials used in the construction of the machinery houses and 
shelter houses shall be of the best quality. All lumb(;r shall be first-class, 
seasoned material, conforming to the preceding general specifications for 
timber, except that the rough floors and the first sheathing may be of sec- 
ond quality material. All mill-work shall be of best rjuality, neatly joined 
and finish(;d. The windows shall be of doubl(;-str(;ngt.h ghuss, all provided 
with sash weights and proper catches. The doors shall be of first-class 
mitered construction one and three-quarters (1^) inches thick, and shall 
be provided with satisfactory hinges and locks. 

Houses shall be built on nailing strips bolted to the steel work. Lower 
floors shall bo not less than two and one-half (2J^) inches thick of mate- 
rial sized to thickness, on which shall be laid tongued-and-grooved floor- 
ing two (2) inches thick and surfaced on one side. The studding shall be 
two (2) by six (6) inches, unless otherwise noted, sheathed on the outside 
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with one (1) inch plank sized to thickness, placed diagonally on the stud- 
ding and covered with building paper and with approved German drop 
siding. The inside of studding and ceiling joists shall be covered with 
three-quarter inch tongued-and-grooved ceiling. Adequate bridging and 
bracing shall be used as may be dircct(;d. Galvanized iron gutters and 
down spouts shall be provided to take ail water from roofs and carry 
it below the roadways. The rafters shall be sheathed with one (1) ineh 
dressed plank and covered with first class standing-sejim tin roofing, to 
the satisfaction of the I^ngin(H^rs. One coat of approved paint shall be 
applied to tlie und(»rsi(l(j of the tin berforo laying, and the finished roof 
shall b(^ paint('d with i-wo coats of approved paint. Ridges shall be fin- 
ished with galvanized iron ridge rolls, No. 18 gauges Then^ shall be pro- 
vided an approved terra cotta flu(^ and a (^himm'y properly placed and 
supported; and a stove and piping shall be furnished and set up. 

All enclosed or covctchI structural steel in houses shall receive the full 
specified painting Ix'fore the houses are built. All houses shall be painted 
within and without with a coat of filler and two coats of first-class house 
paint of (!olofs to b(' selected by the Engineers. 

P. 151. Machinery Ilouaes and Shelter Hanses of Fireproof Construction 

Th(^ machinery houses and shelt(;r houses are to be of truly fireproof 
construction, consisting of stend frames, reinforced-concrete or metal floors, 
and approved metal lath and plaster walls and roof. The steel us(m 1 therein 
will be paid for at the same price as the other carbon steel of the river 
spans, and the floors, walls, roofs, windows, and doors will be paid for at 
the schedule rates (or by the lump sum) naiiKHl tluTefor in the Con- 
tractor’s tender. The windows and doors are to Ix' built in the best prac- 
ticable manner according to the detailed ])lans; and the Contractor will be 
expected to furnish at his own expense all iu‘cessary materials and fittings 
of b('st quality and to the satisfaction of the Engineers. The roof shall 
be (jovered with tarred felt of the best quality, put on in the usual manner 
and to the satisfac^tion of the Engineers. There shall b(5 provided an 
approved terra cotta flue and a chimney proi)('rly placed and supported; 
and a stove and piping shall be furnished and set up. 

P. 152. Permanent Stairways, Runways, Phtforms, Etc. 

The Contractor shall furnish all the materials for and shall build com- 
plete all permanent stairways, runways, and platforms, painting all wood- 
work with filler and two coats of paint, all in accordance with the plans 
furnished and with the instructions given by the Engineers. 

P. 153. Smoke Protectors 

As shown on the drawings, the smoke protcxdors shall be constructed 
with metal lath and Portland cement mortar, mixed in the proportion 
of one (1) part of cement to two (2) parts of sand. 
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P. 154. Laying of Rails 

The rails, together with all splices and all special work of every char- 
acter, an^ to b(' laid to exact position and alignment and to correct gauge. 
Th(?y are to be placc'd with proper allowance for temperature at time of 
laying, as may b(' directed by the EngimH^rs, Th(? angle splice bars shall 
then b(? ])ut on and all holes filled with w(41 tightened bolts. The spiking 
is to be thoroughly and carefully done so as to injure the ties as little as 
possible. Two (2) spike's in every tie for each rail an^ to be used. They 
shall be five and oiu'-half (5J-0 inches long and nim;-sixteenths (^le) of 
an inch square'. The joints in each i)air of rails shall be placed opposite. 

V. 155. Bonding of Rails 

This clause shenilel spe'cify the type ejf rail-bonels to be used and method 
e)f placing the'in. The cross-bonds should likewise be specified, as well 
as the ])rovisie)n to be made for maintaining the track circuit where a 
movable span is encounte'reel. 

Example 

The rails are to be bonded by the use of two (2) compressed terminal 
bonds, similar to Bond No. 7193 of the Ohio Brass Company, with sev('ii- 
eighths inch terminals and 4-0 cables tc'ii (10) inches long, jdaced 
under the angle bars at ('ach joint of each rail. The bontls are to be 
properly compressed into fn'shly drilled holes in the rail webs. CVoss 
bonds of 4-0 cable with similar terminals are to be placed so as to connect 
the rails of each track not more than five hundred (500) feet apart. Bonds 
of similar size are to be placed around all special work, i)ropcrly bonding 
the rails in a workmanlike manner to th(i satisfaction of the J^ngineers. 
All bonds are to be furnisluKl and plac('d by the Contractor for Erection. 

V. 15G. Railway Deck 

This clause should state who must furnish the materials for the deck 
and who is to place? them. 

Example 

The Contractor shall furnish and put in place, to the satisfaction of 
the? Engineers, all the materials required for the railway deeik. 

V. 157. Conduits and Gas Piyes for Lighting By stems 

Reference sliould be made to the drawings, which should show the 
layout for the conduits and gas pi}>es for the? lighting systems as well as the 
points b('twe('n which the conduits and gas pipes an? to be furnished and 
plac(;d. Th(‘ sourc(?s of supply should be noted. The size and style of 
each conduit should be specified, and all details for making the conduits 
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waterproof and for providing easy drawing of the winvs for thc^ (‘h'ctric 
system should be given. The location of junction and switch boxes should 
be specific i. 

Example 

Loricated pipe conduit of one inch internal diameter shall begin at each 
light bracket and extend down the post to a control box provided in the 
base. From each of these boxes a conduit is to extend under the side- 
walks to similar conduits running the full l(^ngth of the bridge. Beyond 
the superstriK^ture these conduits are to be attached to tlu^ Detaining walls 
below the sidewalks. All connections are to l.)e made so that wires con- 
necting all light brackets can later be easily drawn into the conduits. 
Junction boxes shall be provided, one being placed at the top of each 
post. All joints in the pipe and joints between pipes and boxes shall 
1x5 made watertight. Boxes in bases of posts are to have neat, cast- 
iron, hinge'd doors provided with locks. 

(Sas piping is to be provided and located as de'seribed for the conduits. 
Each pipe is to i)roj('ct upward to the top of the light post and be there 
supplied with a cut-off valv(‘. All gas ])i|K5 is to Ix^ of single strength 

inch int(?rnal diameter, fr(‘e from all flaws, and joiru'd and fitted up 
in such a manmr that n<j l(»akage of gas can occur. Each c'xposed entl 
of pipe shall be cover(?d with a cap. 

V. lo8. Lamp-posts 

This clause should specify the material from which the lamp-posts are 
to be made; for instance', cast iron, bronze, or concrete, also the requirc- 
inents as to fittings, coiineertions, finish, and workmanship in general. 
Th(5 drawings should 1x5 r('f('rr(5d to for details and dimensions, unless a 
post of standard make is to 1x5 employed, in which cas(5 this fact should 
be stated. 

Example 

All lamp-posts shall be of cast iron of best quality. They shall be 
smooth and neat in finish and of the diinensions called for on the' draw- 
ings. They shall be firmly bolted to the hand rail jxxsts (unless they 
themselves act in that capacity), and a k'ad gasket shall be placed be- 
neath them to ensure perpendicularity and to keep the iron from staining 
the concrete. 


V. 150. Carrying of Water-Pipes 

This clause should refer to the drawings for the location of the water- 
pipes and should specify the size, kind, and mniiber of lines of pipe to 
be employed. The points between which the pipes arc to be furnished 
and placed by the Contractor should 1x5 given, as well ixs the sources of 
supply. Provision for expansion and contraction under temperature 
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clijinKcs and against leaking should l>e notc'd; and for (?old climates, where 
the pipes are liable to freezing, the method of protecting them should 
be stated. 

Example 

As shown on the drawings, the spans are arranged to carry water- 
pipes over the structure. These pipes are of riveted steel. They are to 
be so connected as not to permit of leaking under any conditions, and 
they are to be protected against fnHJzing, as indicated on the plans. Proper 
provision is to be made for their expansion and contraction under changes 
of temperature. 

V. 160. Pipe Line for Fire Protection 

There shall be given here a general description of the entire system, 
indicating the source of supply, the point of connec^tion thereto, the 
length, size, and character of the pipe heading to the bridge, and the 
character of the pipe on the bridge, as well as the method of carrying it 
and attaching it to the structure. 

As an example the following is quoted from an old specification: 

Descriptiox 

The source of supply will be the Leavenworth Water Works, a four (4) inch main 
of which passes through the yar<l of the engine house in the Military Reservation. 
This main is to be cut for the insertion of a Ti»o, from whi(;h will start a new four (4) 
inch line running castw'ard in a straight line some four hundred and seventy (470) 
feet till it reaches the brow of a hill, whcTe it will turn and pass in another straight 
line diagonally dow’ii tli(i slope to the western approach of the bridge, w’here a metCT 
is to be located. The total length of four (1) inch pipe wdll be about seven hundred 
and eighty (780) feet. There will be one horizontal and two vertical curves in the 
whole length of four (4) inch i)ipe line. These? curves will be made as easy as circum- 
stances will permit. 

After leaving the met(?r the diameter of the pipe will be reduced to two (2) inches. 
It w'ill pass from the western approach onto the bridge', resting upon the guard railj 
being blocked up th(»n*from so as to rise at the rate of one (1) foot in five hundred 
(500) to tlie middle? of the main span, after \vhich it will desceinel at the same rate till 
the east end of the eastern span is re'ae-heel. It will the?n elip so as to pass iineie'r the 
wagon-way to the railway tre?stle, after reaching whie;h it w'ill rise suddenly to the 
upper surface e>f the ties, upon whiedi it will rest outside of the guarel timber and close 
to same, extending to wdthin fifty (50; feet of the end of the tn'stk?. The total length 
of two (2) inch pipe will be about tw'enty-six hundred and fifty ^2650) feet. 

Specifications for Pipe liiNB 

It is the intent and purpose of the following specifications to include every detail 
necessary to make the pipe-work and other apparatus compl(?te; and should anything 
be omitted in these specifications which is necessary for the successful operation of the 
line, the same shall be supplied by the Contractor without extra charge. 

Underground Pipe 

The ( ) inch pipes shall be of cast iron capable of withstanding a hydraulic 

pressure of ( ) pounds per square inch without rupture. They shall be of 
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a uniform length of not less than ( ) feet, and shall have gocxl, strong, groovcnl 

bells, with seats at least ( ) inehes in depth. All pipes shall be of 

uniform thiekness, free from lumps or fins on the inside, and they shall have a uniform 

circular interior surface. The weight of a ( ) inch pipe shall be 

( ) ix)unds per lineal foot, no variation fnmi this weight exec^cHling five (5) per 

cent being allowed. All pipe shall be made of select grades of pig iron, which in broken 
sections of pip(! shall show a shiu'p, gray fra(!ture. 'fhe use of scrap in making the 
pipe will not be permitte<l. The Contrafdor shall be required to furnish a written 
guarantee of the makers of the cjist iron pipe and special Cjistings to the effect that 

the said pipe and specials have bet'ii 8ubjcx!ted to an hydraulic pressure of 

( ) pounds per sqinuHi inch and have, at the samcj time?, withstood a careful hammer 

test made with a heavy sounding hammer. Any lengths of pipe which show damage 
in handling or shipping shall be rejectwl. When, in tlie prosecution of the work, it 
becomes lUict^ssary to cut pipe, the (mds of the pipe so cut shall bet chiseled off smooth, 
and with the plane of the face at right angkts with the axis of tlut pipe. 

Laying Pices in Tuenciies 

All pipe must be fitted on the surfacte of tiic ground to insure proper jointing, and 
when laid in the tnmeh shall be true to line and grade. A pit under each joint shall 
be excavated of siifticient depth and width to admit of thorough caulking of the joints, 
vrhich must, bit donct with proper tools. Eveiy joint must be packcxl with oakum and 
l(*ad, the lead joint to be not l(‘ss than two (2) indie's in depth; and, when caulked, 
it shall be water tight. In laying, the axes of the adjoining sections shall be in the 
same straight lini'; and the pipe, when laid, shall rest upon an oval bwl, excavated in 
the trench for its recc'ption. 


Special Castings kou Pipes 

Special castings shall be of best quality of gray iron, the use of scrap not being 
permitted. They shall have all turns fir comers inouldc'd off to easj' curvature, and 
shall be smooth on inner surface, with clear opf'iiings not. less than the diameter of the 

connecting pipe. TIkj wf'ight of the Tec 

shall not be less than ( ) pounds. 

Gate Valves 

There shall be two gate valves in the ( ) inch pipe line, one located 

a ffiw feet from the initial point, and tlm other a few fi'C't from the meter. They shall 
be iron-bodied, of the double gate pattern, of the sliding type, and of nc'at workman- 
shij) and strongly built.; and they shall be providinl with composition stems and bell 
ends. All faces and s(»ats shall be of non-corrosive nu'tal. Both valvc's shall be cased 

up to the surface of the ground with (■•••) hich iron casing, and shall 

be (iappcH.! with adjustable^ bonnet or cover having a movabli* lid. 'i'hrt'e (3) valve 
keys shall be furnisluHl for each valve. 


Meter 

The meter to be used shall be a ( ) inch Stiindard Crown Meter, 

set in a thorough manner inside of a cinnilar pit well lineil with a concrete wall at least 
( ) inches thick. The top of the pit is to be providetl with a east iron 


cover-plate and frame. The internal diameter of the pit is to be ( ) 

feet, and that of the opening at the surface of the ground (....) feet. 


TRENCnES 

The trenches arc to be dug as narrow as pract icable, and in no case less than four 
and one-half ( 4 ^^) feet deep. Should rock be cncountercil in the trenches (which is 
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iii)prob:iblc), it must bo oxoavatod to a depth of six (6) inches below the bottom of the 
pipe, the space thus formcnl boinR filled with earth. Back filling on top of pipe shall 
be earth, free from stones to a depth of eighteen inches (18") from the top of pipe. 
When the pipe is laid, tlie Contractor shall properly fill the trenches with layers of 
cxcavatetl material, providcMl it be suitable for the purpose, not over one (1) foot in 
tliiekness, and shall ram the same with suitable iron rammci's. 


Drainage 


Proper valves shall be provided so as thoroughly to drain the meter and the pipe 
line on the structure. 


Pipe on Structure 


The pipe on the structure shall be of s1im‘1, and shall have an internal diameter of 

(...■) inches. It shall be of standard strength and thickness, th(? lengths 

being connected by sleeve couplings with screw joints, which joints shall be properly 
filled with pure asphaltum. 


Valves on Bridge Pipe 

Once in about everj* one hundnHl (100) feet on the (....) inch pipe 

there shall be placinl, opening upwaril, a ( ) inch, brass-body. Chapman 

or Lunkenheimer gate valve with a two (2) inch brass hose nipple, so as to pc»rrnit the 
hose to be quickly and effectively attachc*d; all to be si'curely and properly put. in 
place. 

Fastening op Bridge Pipe 

The pipe on the structure shall be firmly attached thereto, and proper arrange^ 
monts shall be mad<' for expansion and contraction, providing for a maximum motion 
of one (1) inch in every one hundr(*<l (l(X)) f<»et. 'Phis is to be accomplish(»d by using 

(..*.) expansion joints, located as shown on the drawings. The (expansion 

joints shall be of approval pattern and make, and shall be iron-bodicMl with bniss 
sleeves. 

Linen Hose and Boxes 'riiEUEPOR 

There shall be provided (....) pieces of two (2) inch standard linen 

hose of the best quality, each (••••) long, and furnished with hos(^ 

coupling and three-quarter (J^) inch nozzle complete. For (»ach hose there is to be 
provided and secured in place (the positions being shown on the drawings) a strong 

wooden box with a good lock. The locks on all the boxes must, be alike, and 

( ) keys must be furnished. 


Painting the Pipe Line 

All pipe work and fittings, whether under ground or exposed, shall be thoroughly 
coated on both outside and inside with jiure asphaltum varnish of best quality. 


Materiai^s and Labor on Pipe Line 

All materials used shall be of the best quality of t.heir respective kinds; and all 
labor shall be performed in a thorough and workmanlike manner. 


Test op Pipe Line 

After the completion of the work, the entire piiie line shall be inspected by the 
PlngincHTS, and shall be tested by turning the water on. The test shall not be considered 
complete until after the pipe line has been in use two (2) wex^ks. Any defect found 
before the expiration of such time shall be remedied by the Contractor without extra 
charge, to the complete satisfaction of the Engineers. 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 1847 


V. 161. Waterproofing 

In this clause should bo stated the parts of the structure to be water- 
proofed and the method to be employed for each particular part. A 
waterproofing mat is generally specified and its make-up and construc- 
tion should b(; clearly indicated. A standard waterproofing material that 
has proved its effectiveness should l)e specrified with the proper provision 
for adopting any other waterproofing material that meets the approval 
of th(; Engineers. 

Example 


Wiilerproofing under Ballast. 

The surfa(!es of the slabs and of the faces of curbs up to the top of 
the ballast are to be wai(‘rproofed by the following mc^tliod : On the clean, 
dry surface of the concrete there shall be applied with brushes a coating 
of Sarco concr(*te priiiu^r or any other primer satisfactory to the Engineers, 
which coating, as applied, shall be thin enough to penetrate the recesses 
of the concrete, forming an anchorage for subsecpient waterproofing. 
After the imining coat has dried, there shall be ai)plied with mops a 
lu'avy coating of Sarco No. 6 waterproofing pitch (or similar waterproof- 
ing i)it(*h satisfactory to the Engineers) which has been heated to a tem- 
p(»ratur(^ of 4(K)° Fahrenlu'it; and, while this material is still hot, there shall 
bc^ plac(‘d upon it a layer of (*ight (8) ounces, open-mesh burlap carefully 
put down, fn‘(‘ from folds or pockets, and with edges lapped at least four 
(4) inches and s(‘al('d with waterproofing pitch. The surface of this bur- 
lap shall be heavil}'' swablx'd with th(^ waterproofing pitch specified, and 
a s(‘cond layer of ('ight (8) ounce, oixm-niesh burlap shall be laid in the 
same manner, making a two-i)ly burlap mat thoroughly saturated, ce- 
mented, and bonded together into the concrete with the waterproofing 
pitch. Allot h(*r coating thereof shall be applied as before, and on this 
mat there shall b(^ phuxul a layer of Jisphaltic felt, weighing not kvss than 
fom tcH^n (14) iiounds per hundred square feet, with edges laiijied at least 
four (4) inches and si'aled with waterproofing pitch. The surface of the 
felt shall then b(^ swabbed with the said pitch and (covered with a one- 
inch thickness of Sanio ATastic, or other asphaltic mastic satisfactory to 
the Engineers. This shall lie carried up the (airb walls to the top of the 
ballast so as to protect the waterproofing mat against punctures from the 
rock ballast. The surface of this mat shall be heavily swabbed with 
the pitch specified, and shall be given a sand finish while the material 
is still hot. Proper joints connecting the waterproofing to the curb and 
at the expansion joints shall be made as may be directed. 

Waterproofing under Wood Block Pavement. 

On the clean and dry surface of the concrete slabs and curbs there shall 
first be applied, with brushes, a coating of Sarco concrete primer, or other 
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concrete primer satisfactory to the Eng necrs, which coating as applied 
shall be thin enough to penetrate the rcc(^sses in the concrete, forming an 
anchorage for the waterproofing coating. After this priming coat has 
dried, there shall be applied with mops a heavy coating of Sarco No. 6 
waterproofing pitch (or other waterproofing pitch satisfacstory to the 
Engineers) wliich has been heated to a temperature of 400° Fahrenheit; 
and while this laycT is still hot, there shall l)C placed on it a layer of eight 
(8) ounce, open-mosh burlap carefully put down, free from folds and 
pockets, and with the edges lapped at least four (4) inches and sealed 
with waterproofing pitch. The surface of this burlap shall be heavily 
swabbed with the said pitch; and while the material is still hot, there shall 
be placed on it one layer of asphaltic felt, weighing not k^ss than fourteen 
(14) pounds per hundred square feet, with edges lapped at least four (4) 
inches and sealed with waterproofing pitch. The surface of this felt shall 
then be heavil 3 ^ swabbed with the s«aid pitch and given a sand finish while 
the material is still hot. This surface shall be kept free from injury until 
the pavement is in place. Proper joints connecting the waterproofing 
to the curbs and at the expansion joints of the structure shall be made 
as may be directed. 


P. 162. Erection of Steel 

The Contractor for Erection shall furnish all falsework, staging, 
barges, and equipment, and shall erect, adjust, rivet, and paint all metal- 
work. Attention is calk'd to the fact that, before shii)ment from the shop, 
all trusses and towers are to be assembkid and the field holes roamed, and 
all field connections in the floor system are to be reamed while the members 
are assembled, or by using an accurate steel temi)lato. All trusses, spliced 
columns, and similar members are to ho match-marked and must l)c 
erected in accordance w'ith such marking. The Erecting Contractor shall 
furnish and supply without charge all necessary temporary lx)lts for 
erection. 

All parts are to be carefully handled and accurately assembled. Ex- 
cessive hammering which would injure or distort the material shall not 
be resorted to. 

Truss spans shall be erected on blocking placed so as to give the trusses 
the proper camber, and the blocking shall l3c kept at correct elevation 
until all truss connections are completely riveted up. 

Bearing surfaces shall be (ileaned before l^eing placed together; and 
rollers and sliding shoes shall be both cleaned and oiled. Riveted con- 
nections shall be accurately and securely fitted up before the rivets are 
driven. Holes which do not match shall be reamed. Drifting which would 
distort the metal or gouging shall not l)c permitted. Fitting-up bolts 
shall be placed in at least every third hole. 
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P. 163. Correction of Errors of Conncdiom * 

It is probable that there will be some misfits in the connections of the 
steel work, of the machinery, of the machinery to the steel work, and of 
the timber to the steel work; and the Erecting Contractor shall be required 
to make all necessary adjustments and corrections in all- parts to assure 
their proper connection. A usual amount of drifting, drilling, and cor- 
reeling bad connections, and of scraping, lining, and preparing bearings 
is (^xi)ected, and is to be done by the Erecting Contractor without additional 
payment. Wh(;nevcr, in the opinion of the Engineers, there is found to 
be an unusual and unreasonable amount of correction of shop errors, or 
(H)rrection of manufactured articles, the Erecting Contractor shall be paid 
for such as “Unclassified Work’’ under this contract; provided, however, 
that when th('> Erecting C -ontractor encounters (lases wherein an extra pay- 
ment seems properly due, he shall c‘all the attention of the Engineers 
thereto, and if they decide that such is the case, they will give a written 
ordiT, and the Erecting Contrac.tor shall perform the work and shall pre- 
sent recenpted detailed bills and vouchers for all expenses incurred, as 
provided under the “Unclassified Work” clause. No claims for extras 
due on such work will be (!onsider(Ml at all, unless a definite written order 
is given tluin^for by the Engineers l^efore the said extra work is started. 
If the Engineers decide in any such ciisc^s brought to their attention that 
extra payment is not proixT, the Erecting C^ontractor shall proceed to 
perform the work, but no extra payments will be made and no claims 
therefor will be considered. All extra payments allowed the Erecting 
(Contractor for correcting shop errors shall 1)C paid by the Purchaser and 
deducted from the compensation of the (Contractor for the manufacture 
and deliveiy'of the metal work and machinery. 

P. 164. Falsework for Carrying Trains 

The Contra(!tor for Erection must provide falsework of ample strength 
ami rigidity to carry safely the trains of tlu' Purchaser; and Ihc' i)lans for 
it must r(‘(;eive thi* written api)roval of the EngiiUM'rs bc'fon' tlu' materials 
for the said falsc*work arc ordered. 

P. 165. Erection Barges 

Whenever any spans are to be floated into position, the Contractor is 
to prepare complete i)lans for the ne(?essary barges and falsework; and 
these must be submitted to the Engineers and nuicivc their approval before 
being used, as must also the general scheme of doing such flotation. 

P. 166. Cement 

All cement used on the work must be Portland cement of the very 
best quality obtainable, equal in every respect to the best brands of 

* Hus clause is to be omitted when the Manufacturer does the erection. 
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Aiiierican and European nianufacture, and delivered at site in strong, 
close barrels, well linoil with paper, so as to be reasonably secure from 
air and moisture, unless the Engineers give written permission to doliv(T 
it in bags. Each barrel shall be labeled with the name of the brand, 
place made, and name of manufacturer. 

The cement shall be ground so fine that at least nin(ity-two (92) per 
cent in weight will pass a standard sieve of ten thousand (10,000) meshes 
to the square inch, and so that at least sevemty-five (75) per cc'iit will pass 
a standard sieve of forty thousand (40,0(K)) meshes per scpiare inch. 

When moulded neat into briquettes and exposed three (3) hours, or 
until set, in air and the remainder of twent3'^-four (24) hours in moist air, 
it shall tlevelop a tensile strength of at least one hundred and seventy- 
five (175) pounds per square inch. When moulded neat into bri(iuettes, 
after exposure of one (1) day in air and six (0) da\"s in wat('r, it shall dc'velop 
a tensile strength of at least five hundred (500) pounds per squan'. inch; 
and after exposure of one (1) day in air and twenty-seven (27) daj^s in 
water, it shall develop a tensile strength of at least six hundred (fiOO) 
pounds per square inch. It shall l)e an eminently slow-setting cement, 
must develop its strength gradually', and must show no drop thc'rein. 

When moulded neat into pats with thin edge's and either left on glass 
or not to set in either air or water, the said edge's must she)w no signs of 
checking. The cement shall withstand properly the stanelarel steam test 
of the American Soe*iety for Te'sting Mate'rials, whie?h e'emsists in exposing 
the pats in any convemient waj' in an atnmsphcre of ste'am, above boiling 
water, in a loosely' cle)seel vessel feir five (5) he)urs, and reHiuiring that the'y 
shall reaiiain firm anel harel, and shall show no sign of distortie)n, cheicking, 
cracking, or elisintegrating. 

The cement, when mixed neat with about twenty-two (22) per cent 
of water to form a stiff paste, shall after thirty (30) minute's be indeaited 
perceptibly by the end of a wire one-twelfth (Yi^) of an inch in diameter 
loaded to weigh one-quarter (34) of a pound. The hard set, detc^rmined 
similarly 'With a wire one-twenty-fourth ( /2O of an inch in diameter and 
loaded so as to weigh one (1) pound, shall not oc(;ur in less than thnje (3) 
hours, unlcjss the Enginee'rs permit the use of quick-s(?tting C(»m(^nt for some 
special purpose, in which case this time limit may Irj reduced as low as 
one (1) hour, but no lower. 

Briquettes mixed in proportion, by weight, of one (1) part of cement to 
three (3) parts of sand, and kept one (1) day in air and the remaining 
time in water, sh.all show a tensile strength of at least two hundred (200) 
pounds per square inch after seven (7) days, and at least two hundred and 
seventy-five (275) pounds per square inch after twemty-eight (28) days. 

In any case the cement adopted must first l)e approved bythcEngineers. 

The Contractor shall provide a suitable building for storing the cement, 
in which the same must be placed before l)eing tested. The Engineers 
shall be notified of the receipt of cement for testing at least thirty (30) days 
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before it is required for use, and the Inspector may take a sample from 
each package for the said testing. The Engineers will insist that no cement 
shall be used that has not been subjected to their twenty-eight (28) day 
test, and the Contractor must understand at the outset that this require- 
ment will be insisted upon, even if the progress of the work be delayed 
thereby. 

Any cement that has caked so as, in the opinion of the h]ngincers, to 
be injured shall be nycuited; and it shall be removed by the Contractor 
from the neighborhood of the site in order to avoid all possibility of its 
being employed on the work. 


P. 167. fiand 

Sand shall be defined as particles of hard, clean stone which will pass 
a sieve having hoh's one-quarter (J4) inch square, and not less than fifty 
(50) per cent of which shall be retained uixrn a sieve having holes twenty- 
two thousandths (0.022) of an inch scpiare, or what is commonly called a 
No. 30 sieve. It must be free from clay, silt, chips, and all other impuri- 
ties, and must Ix' r(^asonal)ly sharp. In all (?asos the Engineers shall decide 
as to whether any sand offcTed by the (biitractor shall be used on the work. 
If it be not satisfa(;torily (;l('an, sand may be used if it is first washed or 
otherwise; cleaned to satisfactorj" condition. 

P. 108. Broken Stone or Gravel 

Where not otherwise specified, either broken stone or clean, hard 
gravel of qualitie's satisfactory to the Engineers maj'^ be used in making 
concrete. The brokeai stone shall consist of piece's of hard and durable 
rock, such as trap, limestoiu', granite, or conglomerate, which shall be 
free from dust, cla}", loam, or other material in such amounts as would, 
in the opinion of tlu; Eiigimx'rs, impair the stnaigth of the concrete. The 
stone shall be crusher-run up to the sizes specific?d, with all material that 
will i)ass a onc;-quarter Q'i) inch scn'cn removc'd. 

The grav(*l shall be composed of clean, hard pebl)les screnmed to the 
specified sizes (crush('d where necessary), fnx; from clay, loam, or other 
material in such amounts that would, in the opinion of the Engineers, 
impair t he croncrete. Material that will i)ass a one-quarter (H) h^ch screen 
must be taken out. 

If th(;y be not satisfactorily clean, materials may be used, provided 
they are wash(;d or otherwise cleansed to satisfactory condition. Stone or 
gravel shall be stored on board platforms, and must not be shoveled up 
from the ground. 

P. 169. Concrete 

Broken stone shall, preferably, be employed in making concrete, but 
wherever gravel of a character satisfactory to the Engineers is available. 
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it may be used either with or without broken stone, the determination 
of volume of voitls being left to the Engineers. In all cases the volume of 
cement used shall be at least ten (10) per cent greater than the volume 
of the voids in tlie mixture of sand, gravel, and stone as determined by 
actual experiments and not by theoretical calculations; and in no case 
shall there be used less than the following weights of cement per cubic 
yard of finished concrete: 

For aggregates in whi(?h all the materials arc measured separately 
before mixing, four hundred and twenty (420) pounds. 

For aggregates in which a natural mixture of sand and gravel is taken 
from the pit and modified by the addition of other material, four hundred 
and sixty (460) pounds. 

For aggregates composed of a natural mixture of sand and gravel 
used without modification, five hundred (500) pounds. 

In large masses of concrete oiic*-man stones may be employed, pro- 
vided that they first be ch'aned and wetted thoroughly, and provided 
that they be not placed any nearer than six (0) iiicihes to each other 
or to the exterior of the construction. 

As previously specified, suitable forms of smoothly drc'sscd timber 
must be provided to give the concrete constructions the dimensions and 
finish shown on the drawings, all (‘xposed corners being rounded off so 
as to produce a neat finish and in order to prevent chipping. 

The proportions for ordinary broken-stone concriitci shall be as follows: 

1 part of Portland cement, 

3 parts of ck^an, coarse, sliarp sand, 

5 parts of brok.cn stom?, to pass a two and a half (2J^) incli iron 
ring. 

Thos(? for reinforced concrete shall be as follows: 

1 part of Portland cement, 

2 parts of (;l('an, coarse, sharp sand, 

4 parts of broken stone, to pass a onc^ and one-ciuarter (lj<f) inch 
iron ring. 

Those for special concrete shall be as follows: 

1 part of Portland cement, 

2 parts of clean, coars(;, sharp sand, 

3 parts of broken stone, to pass a three-quarter (^) inch iron ring. 

The latter proportions arc to i)e used also for all concirete that is to 
be placed under water before setting. 

The amounts of all ingredients arc to be determined by volume, and 
the measurements are to be made loose. t)n(i barrel of cement, weighing 
380 pounds net, shall be considered to measure four cubic feet, or one 
standard size bag of cement shall 1x5 considered to measure one cubic 
foot. Thc5 sand and the broken stone or gravel shall be accurately 
measured by delivering to wheelbarrows or to the mixers through boxes 
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or compartments of known volume. The method of measuring the in- 
gredients of the concrete and the quantity of water used must be subject 
to the approval of the Engineers. 

All surfaces of concrete constructions that are to be exposed to view 
arc to be cov(;rod with an inch and a half (1^) shell of Portland cement 
mortar mixed in the proportion of one (1) part of cement to two (2) parts 
of sand and carried up simultaneously with the concrete. 

The modus operandi of the construction of this shell shall be as follows, 
unless the Engineers give the Contractor written permission to employ 
some other method: 

Steel plates one-quarter inch thick by twelve (12) inches wide 
and from four (4) to five (5) fe(;t long are to be placed all around the 
(joiistriKstion at a distance of one and a half (IJ^) inches from the forms, 
and are to be blocketl out from the latter ev(iry twelve (12) inches by 
small pieces of wood, the ends of the plates lapping slightly. Then the 
concrete is to 1)(5 i)Ut inside the box thus formed to a depth not exceeding 
ten (10) iiudies and tamped thoroughly. Meanwhile the mortar is to be 
placed iK^tween the stenJ plates and the wooden form to a depth of about 
eleven (11) incihes and tamped down, the wooden plugs being withdrawn 
gradually as th(', tamping proceeds. As soon as the exterior space is thus 
filled and befon^ ('ither the eonercte or the mortar has had time to set, the 
steel plates an*, to be withdrawn by means of hooks inserted in holes 
placed near the upper (ulge for this purpose; then the mortar is to be 
rammed again so as to fill the voids left by withdrawing the plates. 

If any bidder (Iccm that this m(?thod of ensuring a smooth exterior 
is materially more expensive than that of omitting the outside mortar 
and the plates and, instead, of spading back carefully all the stones from 
the face, as is often doia^, he may state in his tender the difference in the 
price per cubic yard of concrete that the adoption of the latter method 
would cause; and due consuk'njtion will be given to this difference in 
awarding the contract. Such a bidder, however, is herc;by warned that 
in no case will a rough exterior bo accepteil; nor will smoothing off with 
mortar afterward Ix^ permitted without spc*eial written permission from 
the Engineers. 

All concrete is to be mixed by machinery, unless the Engineers permit 
otherwise, liatch mixiTs will bo given preference over continuous mixers; 
and the latter will not be allowed on the work without special written 
permission from the Engineers. Whatever tyjx? or types of mixer be 
employed, the same must first receive the approval of the Engineers, and 
the method of supplying the materials to the machine must also meet 
with their approval, as must also the quantity and quality of the water 
used, which must be free from oil, acids, strong alkalies, and vegetable 
matter. The machine shall l )0 operated long enough after the last in-* 
gredient is deposited in it to mix and to incorporate thoroughly all ingre- 
dients to the satisfaction of the Engineers. 
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Wlien concrete is mixed by hand, the mixture of sand and broken 
stone or gravel is fii*st to be spread in a thin layer on a timber platform, 
then cement is to be spread on top thereof, then the mass is to be 
mixed thoroughly while dry, after whi(;h the proper quantity of clean 
water is to be atlded gradually while the said mass is Iwing turned over 
and mixed until the mortar thus formed covers the pi('ees of broken stone 
or gravel entirel}", and until the concrc'te attains th(^ proper consistency. 
If broken stone be used with gravel, it is to be wet thoroughly, then added 
to the wet mass during the mixing. 

Concrete shall lx; made with at least so much waii'r that comparatively 
light tamping will be required to cause the mortar to fill all the interstice's 
of the stoiu'; but the use of an excess of wate'r is to Ix' avoided. Im- 
mediately after the mixing is fiuish('d, the coucrc^te shall Ix' conveyed te) 
place in such a maiine'r that there* shall be iie) se*parat iem of the eliffe're'ut 
ingredients. It shall be* ramm(*el, tamixxl, or trami)ed with rubbe*r be)ots 
thoroughly in layei-s ne)t e'xe'e'e*eling twedve* (12) ine*lie*s in thickness, or 
otherwise agitated by suitable tools so as te) ])rexliice a thore)ughly efe)m- 
pact concrete of maximum eleaisity; anel so that all interstice's are fille»el, 
and so that the ce)ncrete will ])re'sent a sm<x)th, finishe*el, unl)roke‘n me)rtar 
surface without expose'el ste)ne*s, when the* forms are removexl; wheth(*r 
the exterior of the mass be* mortar ale)ne^ eir coneTe'te. She)ulel any e'emcre»te^ 
receive its initial set be*fore* Ix'ing place*d, it shall be re*je*e*te*d and re*movc.*d 
immediately from the site of the we>rk. Ce)ne*re*te in long columns, or 
in elex'p, narrow walls shall be phicexl through a tivmie*. 

Should, during construction, any surface's of e'oncre^tei be allowe'el to 
harden or dry before the ejtlu'r concrete* is plaerd there'on, they shall be 
swept iK'rfe'ctly clean with brooms, the*n we'tte*el thore)Ugljly with e*le*an 
water anel covereel with a thin layer of e)iu'-to-e)ne grout, se) as to make 
a perfeert e!e)ntact between the olel anel the new we)rk, and thus e*nsure 
that the e?ntirc mass of concre*te* will be* truly me)nolithie;. The* fe)rming 
of such elry surfaces, henvever, shall always be i)re*V('nte*d, if practicable*; 
anel in all e;ase*s the placing of concre?te shall be stopped onl}" at such pe)ints 
as the Engineers may direct. 

If it prove nece*ssary to plaex* e'e>neTe;te eluring frce'zing we*athe*r, the 
Contracte>r shall take all such pre*e'autiems as the? l^ngine'e'rs may elirect 
to preve*nt it frejm being froze*n. 

All cone!re?te shall be ke?pt damp until thoroughly set by elremeihing it 
or the fe)rms containing it twice a elay. 

If, notwithstanding eixtreme care in the e;onstruction of fe)rms and the 
placing and ramming of concre*te*, any imfx*rfe*e'tions be; fe)unel on the 
exposed surfaces when the forms arc renioveel, the said impcrfoe!tions 
shall eithe;r be rubbeel smooth or lx; floate;d with a meirtar compose;el of 
one (1) part of Portlanel cement .and two (2) parts of sanel, the choice 
of the methrxl to aelopt being le»ft to the Engineers. 

All concrete; de;pe)sited urrler wate;r shall, pre;fe;rably, be placed by 
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iiu'iins of a water-iislit Imnio, hut hurkots which oixui l)onciith and whicli 
arc tripix)d by (contact with the bottom may be used, if the Engineers 
approve. Buckets tripped by a line ojKirated from above shall not be 
c‘mi)loyed. 


P. 170. Continuity of Operation in Placing Concrete 

Whenever th(^ EnginecTs shall so direct, the Contractor shall so con- 
duct his work that the placing of concrete for any integral part of the 
structure vshall be continuous and without any interruption whatsoever 
from start to finish. The (Contractor shall not begin to place concrete 
for any integral portion of th(^ construction until lui shall hav(‘ on the 
site of the work adcciuate materials, which have been inspected and 
accepted, to construct the said portion of the work without interruption. 

P. 171. Granitoid 

Wherever the plans call therefor, the tops of piers, pedestals, and 
abutments sliall be finished off with granitoid of the following proportions: 

One (1) part of Portland cement; two (2) parts of clean, coarse granite 
sand, or lint* graniti' s(*reenings; and three (3) parts of granite chips broken 
so small as to pass a oiu'-half ( 3 ^ 2 ) Rich iron ring. The top of this grani- 
toid is to bi^ brought to an exact level and finished with a floated surface. 
The thickness of the granitoid is to be as shown on th(^ plans. 

P. 172. Wooden Piles and Pile Driving 

All piles are to be cut from live, straight, sound timber of a quality 
acc('pta))le to the Engineers. They must lx‘ free from cracks, wind-shakes, 
and alt serious deh'cts; and they must be so straight that a right line 
joining the centres of ends of pile shall show that the said pile is at no 
point ovcT one-third ( 33 ) of its diameter at such point out of straight 
line. They must show a gradual, even ta]XT from end to end. The 
ends must be cut scpiare; all bark must be taken oil; and the branches 
and knots must be trimmed snaxith, finishing the piles in a workmanlike 
manner. Unless oth('rwise six'cified, th(\v must not be less than nine 
(9) implies in dianietc'r at the to]i, and not less than twelve (12) inches 
nor more than sixtc'en (Hi) inches in diameter at the butt. They must 
be spaced accurately as per plans, and must be tlriven vertically or to cor- 
rect batter and to the satisfaction of the Engineers, and, when required, 
they shall be cut off to exact level. All piling not conforming to these 
specifications will be rejected. 

The Contractor shall provide a suitable and efficient pile-driver for 
driving the piles to the required depth without splitting them; and he 
must furnish, if the Engineers deem them necessary, rings and shoes for 
any or all piles. 
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Whenever tlie Engineers Si3 require, the piling is to Iw driven by means 
of water-jets; and the apparatus used therefor must first be approved by 
the Engineers. Two jet-pip(5S per pile, one on each side thereof, must 
invariably be used, because a single jet causes the; point of the pile to 
travel toward the side where the jet is attached. The Engineers will 
insist that at the outset of his oixjrations the O)iitractor shall provide for 
an ample volume of flow and an ample i)ressure of water for driving the 
piles; and the Engineers' judgnumt in this matter shall govern. 

P. 173. Coticrete Piles 

Concrete piles that are to be manufactured and then driven are to 
lx; properly reinforced, iis shown on the plans, great care being taken 
to ensure that the reinforcing metal is placied and held firmly in the cor- 
rect position. The piles arc to be allowed to harden for as long a time 
as the Engineers deem requisite. Any piles cracked or otherwise seriously 
injured in handling or before driving shall be rej(;(;ted. All reinforced 
concrete piles of this general type are to lx; driven by water-jets, as pre- 
viously specified for wooden piles, the use of the hammer to aid in driving 
being mainly confined to static loading. If the top of any pile be injured 
by hammering, the Engineers will reject it, if they see fit, and will cause 
it to be withdrawn and removed from the site. 

If the concrete piles are to he manufactured in place, the method of 
manufacture must receive the approval of the Engineers; and they shall 
be at liberty at any time to withdraw or dig out a pile so as to determine 
how satisfactorily the manufacturing has been done and the suitability 
of the method to the locality. If this test prove to be unfavorable to the 
method, the Engineers shall have the privilege of rejecting it and adopting 
some other. 


P. 174. Position of Piers, Pedestals, and Alndineyits 

All piers, pedestals, and abutments, when finished, must be in exact 
position and to exact elevation, and all anchor-bolts therein must te 
located with the greatest exactness in respect to both horizontal position 
and elevation. The Contractor must provide all guide piles, anchors, 
cables, frames, and forms that may lx; required to ensure this result. 

In sinking caissons by either the pneumatic or the open-dredging 
process, in order that the pier-shafts may be in exact position, the neat 
work of the latter shall not te begun until the caisson has reached its 
final position, unless the Engineers give writt(;n permission to the con- 
trary. The Contractor shall provide a sufficient height of cofferdam 
for each pier in order to secure this result without running any risk from 
overflow. 

/ It must be distinctly understood by all concerned that the onus of 
getting all piers, pedestals, and abutments into correct position, both 
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horizontally and vertically, lies upon the Contractor and not upon the 
Engineers, and that if any error therein be found, the Contractor will have 
to make at his own expense all the changes necessary to correct the error, 
or else he must stand the entire expense involved in modifying the super- 
structure to suit the faulty location of the substructure. 

P. 175. Depths of Foundations 

All cribs, footings, and caissons are to be sunk to the depths shown 
on the Engineers’ plans or to such other depths as the Engineers may deem 
necessary as the work progresses. The data furnished to bidders by the 
Engineers regarding depths of foundations or of bed-rock arc to be consid- 
ered as merely approximate; and bidders must assume the risk of having 
to go a gn^ater or less dei)th without altering in any way their s(;hedulc 
of prices. If, howcv('r, the Engineers consider that the? (Contractor is 
n^ally (entitled to extra compensation on account of material variation 
from the data furnished, such extra compensation will be allowed, but 
the amount thereof shall be determined soh^ly l)y the Engineers. 

If, too, during the progress of the work the Engineers deem that fur- 
ther inv(\stigations concerning the elevations of bed-rock or quality of 
materials for foundations are nccessjir>", the (Contractor shall make under 
the direction of the EnginecTs, all the borings, tests of bearing capacsit}^ 
of soil, or other similar investigations whic!h the said Engineers may con- 
sider to be requisite; and such work shall be treated as herein provided 
for '‘Unclassified Work.” 

P. 170. Caissom Sunk by the Pneiumtic Process 

The construction of all caissons and cribs shall be in accordance with 
the accomijanying detail plans; and tln^ (Contractor’s w'orking drawings 
shall be made to conform thereto. The said w’^orking drawings must be 
approved by the EngincH'rs bc'fore work on the caissons is started. 

In case of all-steel caissons, the Contractor in making the working 
drawings shall adh(Te strictly to the Engineers’ ddails; and in case of 
timber caissoiLs the following directions must b(‘ obser\Td: 

First. All timbers are to bo of the full k ngtli or width of the caisson 
whenever this is practicable. 

Secarul. The cutting edg(^s arc to be shod with stcnl, unless spc^cifi- 
cally indicated to the contniry on the drawings. 

Third. Drift-bolts are to be spaced not to excec'd four (4) feet along 
each stick, and preferably about tlm?c (3) feet. 

Fourth. All framing of timber is to be dom^ in a substantial manner 
so that the crib and caisson will hold their shapes in case that it be found 
necessary to force the? cutting edges through logs or masses of large boulders. 

Fifth. Cribs and caissons are to be made water-tight by calking, 
llcmovable coffer-dams are to be used above the cribs in order that the 
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lower portions of the pier-shafts may be built in the dry; and the timbers 
for same must in all cases be removed before the work will be accepted. 
No direct payment will be allowed for these cofferdams, as their cost must 
be covered by the prices for concrete or masonry above water and for 
mass of cribs and caissons below water. 


P. 177. Caissons Sttnk by Open Dredging 

The construction of these caissons, cribs, or shells shall be in accord- 
ance with the detail plans. The Contractor must prepare complete work- 
ing drawings for all such caissons, cribs, or shells, and must submit the 
same to the Engineers for-their approval before work thereon is started. 
If it be intended to pump the water out of the steel sli(»lls, they shall be 
made water-tight by calking tlu' joints wherever th(‘ latter will not be 
sealed by tlu* concrete; and this calking must lx* don(‘ to the satisfaction 
of the Engineers. In case of all-steel const ru(?t ion, the Contractor in mak- 
ing the >vorking drawings shall adherer strictly to the EngiiK'crs’ details; 
and in the case of timber construction the following din'ctions must be 
observed: 

First, All timbers an' to be of the full length or width of the caisson 
whenc'ver this is practicaVjle. 

Second. The cutting edges arc to be shotl with steel, unless specifi- 
cally indicated to the contrary on the drawings. 

Third. Drift-bolts arc' to be spacc'd not to exceed four (4) feet along 
each stick, and preferaljly about three (3) fc'c't. 

Fourth. If the linginc'c'rs deem thc'in nc'cessjuy, vertical pipes for in- 
jc^cting water so as to loosc'ii the material nc'ar the cutting edges must be 
built into the timber and concrete as the construction i>roceecL. They 
are to be spaced not to exceed eight (8) feet cc'ntrc's, and arc^ to lie close 
to the walls of the' working chjuiiber, being fastc'ned rigidly thereto so 
as to resist dislodgment during sinking. To pnwc'iit their becoming 
clogged with earth or graved during thc^ sinking, thi'ir bottoms are to 
be fitted with tight wooden plugs; and whc'n the pipes are needed for 
jetting purposes, the said plugs are to be driven out by using a smaller 
pipe for a ram. 

Fifth. All framing of timber is to be done? in a substantial manner, 
so that the crib and caisson Avill hold their shape's in case that it be found 
ncccjssary to force the cutting edge's through logs or betweem large boulders. 

Sixth. Cribs and caissons are to be made? water-tight by calking. 

Removable cofferdams are? to be? useel above? the? cribs so that the 
lower portions of the pier-shafts can be? built in the dry; and the? timbers 
for same must in all cases be r(?move?el before the work will be accepted. 
No direct payment will be alle)wc?el for these cofferdams, as their cost 
must be covered by the? prices for ce>ncr(?te or masonry above water and 
for mass of cribs and caissons below water. 
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P. 178. Cofferdam Work 

In all cofferdam excavation, the designing of the cofferdams will be 

Ulft wliti will Kfk_^#»lfl 

pletion of the piers, pedestals, or abutirwiiits for which the said cofferdams 
are us(mI; but the dc^signs must be approved })y the Engineers before any 
of the work of construction is started. The; cofferdams shall be so de- 
signed and built as to permit of all the watiT being pumped therefrom, 
in ord(jr that the footings may be laid in the dry, provided that this be 
practicabl(\ If, howcwcT, in the opinion of th(i Engineers, it be imprac- 
ticable, the construction shall be carried out by placing the concrete 
under water by means of a tremk' or otluT special a])paratus for the pur- 
pose that is approved by thc^ Engineers. In this cas(' specially rich con- 
crete of small broken stone, as herein specifi('d, shall be used. No dircict 
payment will be mad(' for co(T(Tdam materials, as the cost thereof must 
be covered by the pric(\s for (‘xcavation or mati'rials in place. All 
timber and other cofferdam materials above th(^ hwel of the ground or 
above that of extn'me low water is to be removed by the Contractor from 
around the picTs, ped(*stals, and abutments Ix'fore his work will be con- 
sidcTcd comj)l(‘t('d; iind no direct payment will be allowed for such re- 
moval, its cost ]x‘ing covered by the i)ri(!es for the excavation or for the 
materials in place. 

P. 179. Maintaining Correct Form of Steel Shells 

In riveting up and sinking steel shells the greatest care is to be taken 
to keep th('m true to form; and no off-s(‘tting or divergence at joints 
will be permitted, unless so shown on the drawings. In many cases it 
will be necessary to bolt timbers to tli(' shell temporarily, consequently 
the Contractor wdll l)e required to provide the necc'ssary angle lugs there- 
for. As tlie omis of getting the shedl down in proper shape is on the Con- 
tractor, the designing of the stiffening is to be done by him; notwithstand- 
ing which h(? must submit the design to the Engineers for approval before 
work is begun. All stiffening timbers must be removed bt^fore the con- 
crete is put in, and, wherever necessary, before the piles are driven. 

P. 180. Excavation 

For caissons sunk by the open-dredging or the pneumatic process, no 
allowance will be made for the cost of excavation, this expense being cov- 
ered by the price for mass of crib and caisson, or other materials, in place; 
nor where cofferdams arc employed or where pits are dug will the excava- 
tion be paid for, unless this be specifically so stated in the contract. In 
computing the volume of excavation to be paid for in any pit, the sides 
of the latter are to be assumed as vertical, and no area will be allowed 
greater than that of a rectangle having each side longer by two (2) feet 
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than the eorresponding side of the base of footing of the pier, pedestal, 
or abutment. No payment will be mjule for timber used in shoring, sid- 
ing, or sheeting, nor for pumping nor bailing, as the cost thereof must 
be covered by tlu' prices allowed for (‘xcavation or for materials in place. 

Excavations for all constructions are to be carried to such depths as 
the Engineers may direct; and if, in their opinion, the foundation require 
any special preparation, it shall be given to it by the Contractor, the 
work involved thereby being paid for as “Unclassified Work,'' if the 
Engineers deem that it should be so considered. 

Where bedrock is reached, the caisson, base, or footing, as the case 
may be, whenever practicable by ordinary methods, must be sunk into 
it one foot or as much more as the Engineers may consider necessary to 
obtain an even and proper bearing and a satisfactory anchorage against 
slipping. If the Engineers deem that the cost of such sinking into bed- 
rock is unusual or excessive, they will allow additional payment therefor, 
as per the “Unclassified Work" clause of these? specifications; but the 
amount of such payment shall be determined solely by the Engineers. 

P. 181. Encountering Obstacles 

Bidders must assume tlu' risk of encountering logs, boulders, and other 
obstacles under the surface of the ground at the sit(\s of tlu? piers and 
abutments, and the ('ontraetor must provide hims(?lf with all the ne(?es- 
sary tackle and apparatus for handling the same?. There will be no extra 
price allowed because of the difficulty experienced in sinking or driving 
through or in removing the said obstach's. 

P. 182. Pile Foundations 

The bases of piers, pedestals, and abutments which are to rest on piles 
shall be constructed by (excavating within and sinking cribs, as indicatcnl 
on the plans, to the requin'd depth (preferably before tlu? j^ih's have 
been driven, but afterwartl, if the Enginf?ers approve? of that i)rocedur('). 
If the piles arc driven after the crib is sunk, the (‘arth which they force 
up into the crib shall Invariably be removed; then the concrc'te shall Ix' 
deposited in the dry, if practicable; otherwise through a tr(?mie or by 
means of a single-line bottom-dumping bucket till the crib is filled uni- 
formly to an elevation about two (2) feet below that at which the piles 
arc to be cut off. If it be deposited in the dry, the concr(?tc shall be thor- 
oughly tamped or tramp(?d with rubber boots in layers about one (1) foot 
deep. If it be deposited undc'r water, it shall be mixed in the propor- 
tions hereinbefore specified for concrete deposited under water, and the 
crib shall be filled evenly over its area. As soon as the concrete has 
hardened adequately, the water shall be pumped out, the pile heads cut 
squarely off at the required elevations, and the remainder of the base 
built in the dry. The cribs shall be adequately caulked and braced to 



SPECIFICATIONS FOR MANUFACTURE AND ERECTION 1831 

withstand tho extc'rior water pressure when they arc pumpcnl out, and 
they shall be surmount(^d by cofferdams of adequate strc»ngth and hc'ight 
to protect th(^ construct.ion from tlw^ highest watc*r, and to carry whatevcT 
weight is requinnl to sink tho crib. "J'he construction of tho cribs shall 
be in a(;cordancc with the EngiiuK'rs* gcmcTal (Uitail plans, but the design- 
ing of the temporary stiffening shall b(^ l('ft to the Contractor. Th(i (Con- 
tractor must prepare comphite working drawings for all cribs, and must 
submit the same to the Engineers for their approval before work thereon 
is started. All timlxirs are to be of th(5 full length or width of the crib 
whenever this is practicable. Drift-bolts seven-ciighths (J^) of an inch 
in diaiiK^ter by twenty-two (22) inches long are to be spaced not to ex- 
c('(h 1 four (4) f('(?t along ('ach stick, and preferably about three (3) feet. 
All framing of tlu^ timb(T is to lx? done in a substantial maimer so that 
the crib will hold its shape in case that it be found necessary to force 
the cutting edges through obstacles. 

Should the (Contractor so ekxrt, he will be permitted to use sheet piles 
or cofferdam const ru(!t ion, but in such (;ases the concrete bases of the 
picTS must be made of tlu' same gross size as that shown on the drawings 
for the outside of the crib timbers. 

'rhe l(‘ngth and p(‘U('tration of the foundation piles are to be deter- 
min(‘d by tlu? EngiiuxTs. They will b(' paid for by the lineal foot of pile 
l)rojecting b(4ow tlu? crib-base; and a i)roper allowance will be made for 
the actual cost of the cut-off ('nds. 

P. 183. Brick Piers 

The bricks must be sound, hard-burmxl, vitrified, and acceptable to 
the PCngineers. Thvy must be wettcxl thoroughly before being laid, and 
the mortar therefor shall lx* the same ius that specified for stone masonry, 
the joints being not l(*ss than one-cpiartcT Q4) of an inch nor more than 
one-half {}/^ of an inch thick, and the avcTagc' not excecxling three-eighths 
(^0 of an inch. All brickwork shall be laid in Flemish bond, i. 6., alter- 
nate? headers and stretchers with ccnsecutive coursers breaking joint. All 
joints shall be finisluxl properly as the work progress(\s. Ilie piers may 
be built of solid brickwork, or may consist of a brick shell backed with 
concrete. None but ('xpert bricklayc*rs shall be employed to lay the 
bri(!k; and all details of tlu? work shall accord with the most approved 
practice? anel must be to the siitisfaction of the engiiuxTS. 

P. l&t. Masonnj in General 

All masonry piers, pedestals, and abutments shall be built of either 
first-class or second-class masonry, no third-class masonry or round-stone 
rubble masonry being permitted. The shells alone of first-class construc- 
tion shall be of masonry, the backing being invariably of Portland cement 
concrete as hereinbefore specified for interior work. The stone employed 
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shall bo sound and durable and free from all drys, shakes, or flaws of any 
kind whatever. It must be of such a character that, in the opinion of 
the engineers, it will withstand properly the action of the weather and 
the grinding effect of ice and drift. No stone of any inferior quality 
will be accepted or even be permitted to be delivered on the ground. The 
masonry slu'lls shall be filled solid with the concrete backing, so that each 
pier, pedestal, and abutment shall bo a true monolith. 

P. 185. First-Class Masonry 

All first-class masonry shall be regular coursed ashlar of the best de- 
scription, and must be laid in Portland cement mortar of the proportions 
of cement and sand hereinafter specified. All stones must be so shaped 
that the bearing beds shall be parallel to the natural beds, and they must 
be prepared by dressing and hammering bc'fore they are brought on the 
walls, as tooling and hammering will not be allowc'd after the stones 
are in place. They are to be laid to a firm Ix'aring on their natural beds 
in a full bed of mortar, without th(‘ use of chips, pinners, or levers. No 
shelving proj('ctions will be allow('tl to extc'nd beyond thci under l)ed on 
cither side. The stone and work an' to be kepi free from all dirt that 
would interfere with tlu) adhesion of the mortar. The stonc's must be 
sprinkled with water before' being placeel in positieni on the wall. In lay- 
ing stones in mortar their beds are to l)e so prepare'el that whe'n settleel 
down they shall re,'st close aiiel full on the mortar. In hanelling the stones, 
care must be used not to injure the joints of those already laid; anel in 
case a stone is move'el after being sc't, and the^ joint thus bre)ke'n, it must 
be taken out, the mortar must be cleaned thorougldy fre)m the bed, and 
then the stone must be reset. 

Wherever the Engineers shall so require, tlie stones shall have one or 
two steel dowels each, one and a quarter (IM) inches in diamc'ter, passing 
through them and into tlu' stones below. Thti hok's for the dow(‘ls shall 
be drilled through such stones before they are put into position on the 
walls, and after the stomjs are in place the holes shall Ikj continued down 
into the under stones at least six (6) inches. The, dowel pias shall thm 
be set in, and the holes shall be filled with neat Portland cement grout. 
Clamps landing the several stones of a course together must be inserted 
when required by the Enginc(*rs. In such cases they shall be countersunk 
into the stones which th(*y fasten together 

The face stones must b(? accurately squared, jointed, and dressed on 
their beds and builds; and tlu^ joints must be dressed back at least twelve 
(12) inches from the face. Face stones are to be brought to a joint, when 
laid, of not more than threcMjuarters (^) of an inch nor less than one-half 
(}/i) inch. The courses shall be not less than fifteen (15) inches in thick- 
ness, decreasing from bottom to top of wall; and they shall be well bonded. 
The face stones shall break joints at least twelve (12) inches. They may 
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be left rough, excepting only the stones forming the starling, which must 
be tooth-axed carefully to a uniform surface. The edges of face stones 
shall be pitched true and full to line, and on the corners of all piers a 
chisel draft of one and a half (l}4) inches must be carried up from the 
base to the under side of the coping. No projection of more than three 
(3) inches from the edge of face stones shall be allowed. No stone with a 
hollow face shall be permitted in the work. 

Each stretchcT shall have at h'ast twenty-four (24) inches width of bed 
for all courses of from fifteen (1.5) to twenty (20) inches rise, and for all 
thicker course's at k'ast two inches more bed than rise. The stretchers shall 
have an average length of at k'ast thr(?e and omi-half (3 J^) feet, no stretcher 
being less than three (3) f(M't in length. Each header shall have a width 
of not less than eight e(;n (18) inches, and shall hold back into the heart 
of the wall the size that it shows on the face. The headers shall occupy 
at least one-fifth {%) of the whole facc^ of the wall, and shall be, as m'arly 
as practicable, distributed evenly over it and so placied that the headers 
in each course' shall divider equally, or nearly so, the spaces between the 
headc'rs in tlu' course' din'cjtly IkjIow. No header shall be less than three 
and a half (3)^0 fc'ct long. 

Till' tops of all pic'rs shall Ik' covered with copings, as shown on the 
drawings. All coping stones shall bo neatly biish-hammer dressed on the 
fac(‘, top, and underside of projection; and they shall be set well and 
carefully on the walls, brought to one-quarter (}i) hich joints, and doweled, 
th(' dow('ls b('ing well s('cur('d in and to the coping with grout. No coping 
stone shall be loss than nine' (9) square feet in plan. 

P. 186. Secojid-CIass Masonry 

Second-class masonry shall coiLsist of broken range rubble of superior 
quality, laid with horizontal beds and vertical joints on all exposed parts, 
with no stoiK' h'ss than c'ight (8) inches in thickness or I'ighteen (18) inches 
in width. In no case shall the bed of a stone be less than twe (2) inches 
more than its build. The stones must decrease in thickness from bottom 
to top of wall, and must be bonded and leveled as well as can be done 
without hammer dressing. No mortar joints shall excec'd one (1) inch 
in thi(!kn('ss. All comers shall have hammer-dressed beds and joints; and 
all corn('rs and batter lines shall be run with an inch and a half (1J4) 
chisel draft. At least one-fifth (!^) of the stones in the face must be 
headers, distributed evenly throughout the surface. All stones must be 
laid on their natural beds. The backing shall be, prefi'rably, of concrete 
as specjfied for first class masonry constniction, but solid stone work 
will be permitted, providcjd that sufficient mortar be used to fill all 
voids, and that no two stones approach each other nearer than one-half 
(}^) inch. 



1864 


BRIDGE ENGINEERING 


Chapter LXXIX 


P. 187. Min'tar for Firsts ami Second-Class M(isonry 

This mortar shall bo composed of one part of Portland cement to one 
and one-half parts of clean, sharp, dry, riv('r sand, measurements 

being by volume and made loose. The sand and cc'ment shall be mixed 
thoroughly dr}", and after sufficient water is added to render th(^ mass 
plastic, it shall be mixed and worked until it becomes of uniform con- 
sistency throughout. Mortar that has rc'mained unused so long as to 
take an initial set shall not be emj>loy(Hl on the work. 

P. 188. Pointing Masonry 

All masonry', both first and second class, is to be pointed so as to fill 
the joints solid. The surface of the wall is to bo scraped clean, and the 
joints are to be freed from all loose mortar, thc'n refilled solid by using 
proper ramming tools. All joints must be well W(‘t before b(?ing pointed. 
Mortar used in pointing must be compos(‘d of one part of Portland 
cement and one part of sand, measun'ments bc'ing by volume and made 
loose. 

P. 189. Arch Culverts 

All arch culverts are to lx* built of either concrete or second-class 
masonry, according to the preceding requin'ments for piers, ix'destals, 
and abutments, (excepting only that in masonry constructions the arch 
ring shall be of first-class masonry. 

P. 190. Laying Masonry during Freezing Weather 

If it prove necessary to lay masonry during freezing weather, suitable 
precautions, satisfactory to the Engineers, shall be tak(‘n to ])rev(?nt the 
mortar from freezing. 

P, 191. Back-Filling 

As soon as the masonry or concrete work iluTC'of is completed, the 
space around each shores pier, pedestal, and abutment shall bo filhxl with 
earth, preferably clay, thoroughly dampened, and well rammcxl in layers 
not exceeding six (6) inches in thickm^ss. TIhtc shall be no direct pay- 
ment for this back-filling, as its cost is to b(i covercxl by the price for 
excavation or that of masonry. 

In case the boulders and gravel, or other material, at any channel-pier 
site be excavated before constructing the base* ther(‘of, the space around 
such completed pier shall lx? refilled to th(^ original surfaces of the stream- 
bed to the satisfaction of the Engineers; and no allowancio will be made 
the Contractor for such back-filling; but any heavy material placed around 
the said pier for protection above the said natural surface of the stream- 
bed shall be paid for as riprap, if there be a unit price provided therefor. 
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or oth(Twis(j as “ Unehissifiod Work.” Should, hownvor, the Engineers 
deem that the excavated materials are unfit for back-filling and require 
the Contractor to use instead large stones or boulders, these are likewise 
to be paid for as riprap. 

If any material from art existing embankment is removed by the 
(Contractor in order to put in a pi('r or abutment, it shall be replaced by 
him at his own expense under this specification for back-filling, and he shall 
n'ceive no payment thenifor; but this clause shall not be interpreted as 
in any way obligating him to build at his own expense any more of the 
eartlrtvork approaches. 


P. 192. Preparing and Placing Reinforcing Bars 

The reinforcement in the finished structure shall accurately conform 
in size and position to the requirements of the plans. Before being placed 
in the conc^(^t(^, all rc'inforcement shall be free from loose rust, scale, or 
coating of any kind that would bmd to n'duce the bond between it and 
th(^ concrete. All reinforcing bars shall be bent cold to the dimensions 
and fonns shown on the drawings before they are placed in position. 
The bends shall be accurately made in a bending machine. All reinforc- 
ing bars shall be i)lac(»d and h(»ld during construction accurately in the 
positions shown for tlu'ni on th(^ accompanying drawings. They shall 
be firmly bound and ti('d tog(jther by wire where they lap or cross, or 
shall be fastened by clips or other devices where specially called for. 
Each piece must be held rigidly and positively in position so that there 
shall be no displacement during th(' dc'positing of the concrete. Adjust- 
ment of bars during the placing of conen'te w’ill not be permitted. Where 
necessary, small blocks made; of cement mortar may be used to support 
the reinforcing rods at proper distances from the forms. 

P. 193. Earth Emhanlimcnts 

Beyond the abutments at each end of the bridge there will be earth 
embankiTK'iits. Tlievse; will be paid for per cubic yard in place above 
the presc'iit ground surface. The material used for the embankment is to 
be clay, sand, loam, gravel, or other earthy material free from pieces of 
wood, roots, or other foreign substances, and is to be placed in the em- 
bankments in layers one foot in thickness, the surface at all times being 
kept about level. Dumping from the toj) of the embankment down the 
side or end-dumping will not be allowed. Slopes arc to be formed even 
and straight, correctly conforming to the slope stakes. The permissible 
depth, size, and location of borrow pits contiguous to the embankments 
shall be determined by the Engineers, but in all cases the borrow pits are 
to be continuous, forming drainage ditches. About ten (10) per cent 
volume above the net lines of embankment shall be placed in order to allow 
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for sctileiiK'nt aiul shrinkage; but the Contractor is to be i>aid only for the 
yardage contents of the net volume. 

P. 194. Timber Trestle Approaches 

There shall be furnished and constructed by the Contractor all the 
timber trestle Avork shown on the accompanying drawings. All the ma- 
terials usi'd therein must conform to the gcmeral ri'quir(»m(;nts of these 
specifications, as must also the Avorkmanship and finish thereon. 

P* 195. Pier Protedion 

The Contractor shall furnish and construct the pier protection shown 
on the accompanying draAvings. In rt'spcct to the materials, Avorkman- 
ship, and finish thereof, the general requirements of these specifications 
shall goA’^ern throughout. 


P. 196. Dolphins 

The Contractor shall funiish and build the dolphins shoAvn on the 
accompanying i)lans. Th(' pile's therefor ar(^ to conform to the spc^cifica- 
tions for Avooden piles givcm herein, and they are to be driven to such 
depths as the I^ngim'ers may direct. Th(^ pih's of each dolphin are to bc^ 
drawn together at the top, bolted, and Avrapped Avith one (1) inch chain 
which is secuiely fastened Avith clips and hook-bolted to the piliis. 

P. 197. Bank Protedion 

The Contractor shall furnish all the matc'rials for and construct to the 
satisfaction of the EnginetTs the bank proti'CJtion shoAvn on the ac(!om- 
panying plans. All the materials and labor thc'refor shall comply Avith 
the general requirements of tlu'se specifications. 

V. 198. Pile Dykes and Mattress Work 

When the bank protection consists of pile dyk(^s, a complete general 
and detaih'd descriptive specification therefor should be drawn; and any 
unusual bridge materials employed, such as galvanized Avire, should have 
their qualities defined. 

As an t'xample, the folloAving is copied from an old specification for 
some dyke-Avork that did good service during sixteen yt'ars. 

Example 

This dyke is to be composed of a main pile dyke about 2,150 feet long 
with cross-dykes at int(?rvals of about 400 feet. The main dyke is to be 
principally on an easy curve, starting at the foot of Avenue J and running 
doAvn to the line of the ^‘Temporary Bridge.” The said main dyke is to 
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consist of two rows of piles spaced six (6) feet centres in both directions, 
as shown on the accomijanying drawings, capped with 8" X 10" timbers 
on flat running longitudinally, and braced with 6" X 8" timbers on flat 
both transversely and diagonally as shown. The rear row of piles is to 
be wattled, and a fifty (50) foot mat is to be built in front of, around, and 
behind the piles. Kach cross-dyke is to consist of a single row of piles 
spaced six (6) feet ec'ntrcs, watthnl, and cappc'd with 8" X 10" timbers. 

In general, the piles of the main dyke are to be cut off about three 
and one-half (3)^) fe(^t al)ove ('xtreme low Avater mark, but as the said 
dyke approaelu's the river bank at Avenue .1 tlu^ piles an^ to be gradually 
cut off higher up so that at the shore line they will be as high as the top 
of th(i bank. The i)iles of tlu^ cross-dykes are to be cut off so that their 
tops will li(j in a plane, their c^kwation at the main dyke being the same 
as that of th(? i)il(\s of said main dyke, and the elevation of the piles at 
the; other end about that of the top of the river bank. All piles are to 
be of white or burr oak, forty (40) fe(4. long, from eight (8) to ten (10) 
inches in diam(4(T at th(‘ tip and not h^ss than fourteen (14) inches in 
diam(‘ter at tlu^ butt. All piles must be driven as closely as practicable 
to their propcT position, and any pik's which the Engineers may consider 
to b(j too much out of liiu^ will have to be rc'moved and re-driven. 

All timber for caps and bracing is to be of white oak of the b(»st quality, 
fr(‘(^ from wind-shak(‘s, large knots, decayc'd wood, sap, or any defects that 
would imi)air its strength or durability. Cap timbers arc to he 8" X 10" 
laid on flat and sizc'd doAvn to a uniform thickness. They arc to be twelve 
(12) f('et long with scpiarc' butt joints, fitting tightly. The transverse braces 
are to he 6" X 8" by s('ven (7) fcH't long, laid on flat and dapped two 
(2) imdies onto caps dir('(;tly over the centres of the pik's. The diagonal 
braces arc to be ()" X 8" l.)y nine (9) feet long, laid on flat, dapped two 
(2) imdies onto cai)s, and pressing closely at (mds against the transvers(5 
timbers. Tlu^ daps on both the transverse and the diagonal timbers are 
in all cases to be so cut as to give a driving fit against the' caps. 

All steel us(*d in the work must confonn to tlu' Manufaciturers’ Stand- 
ard Spc^cifi cations. The drift bolts coimecting caps to piles arc to be 
three-quartcTS (^.f) of an inch in diameter and eighteen (18) inches long, 
driven into (4even-sL\teenths (^/ig) inch hok's. There will be two drift 
bolts per pile. Spikes for connecting bracing timbers to caps are to be 
five-eighths (^) of an inch square and tweive (12) inches long. There 
arc to be two (2) of them used at each end of each transverse or diagonal 
bracing timber. These spikes arc to be driven into one-half (J^) inch 
bored holes. 

The wattling pieces arc to be of good, sound, live willow, sycamore, 
or cottonwood, in lengths of either foiuiicen (14) or twenty-one (21) feet, 
having minimum diameters of three and one-half (3)/^) inches at the 
butt-end and one-half (3^) inch at the tip. The said wattling pieces are 
to be driven down so as to touch each other, alternating large and small 
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ends, and reducing the area for passage of water by about fifty (50) per 
cent. The wattling is to extend everywhere from the river bed to the 
caps of the piles. All wattling is to be done before the caps are put on 
the piles. 

After the piles arc driven, but before they are capped, a continuous 
woven mattress from twelve (12) to fourteen (14) inches thick and fifty 
(50) feet wide is to be manufactured around the said piles over the entire 
length of the imiin dyke, the rear edge being located eight (8) feet from 
the centre line of the inner row of piles. All mattress work is to be woven, 
none but good, live, bar-growth, freshly-cut willow-brush being used. 
The style of weaving shall be the same as or similar to that employed 
upon the works of the United States Government. The mattress is to 
be continuously woven, the edge being l)ound v/ith a single ^ inch gal- 
vanized strand steel rope, wth the selvage of the mattress fashioned 
with a woven roll. At inter\'als of six (6) feet, longitudinal and trans- 
verse cables % inch in diameter shall \ye placed both on top and bot- 
tom of the mattress, and connected effectivc'ly with the selvage cables. 
Vertical ties of %2 inch wire rope at intervals of six (6) feet connecting 
top and bottom longitudinal and transverse? cables shall be used and 
thoroughly tightened so that the said longitudinal and transverse? cables 
shall bear tightly and intimately on the top and bottom of the mattress. 

A grillage of willow, sycamore, or cottonwood poles, not h'ss than 
twelve (12) feet in length or four (4) inches in butt diameter, shall be 
placed on top of the entire mattn'ss work. They shall be spac(?d not more 
than six (6) feet from centre to centre, and shall be sc(;urely attach(?d to 
the mattress work by %2 inch wire rope. Anchorage? shall be supplied 
in the shape of native stone of an approved quality in the average pro- 
portion of twenty (20) pounds per square foot of mattress, there being 
more stone near the exterior edg(? of the mattress and betwiien the pil(\s 
than on the remaining portions. The distribution of this stone is to be 
made to the approval of the Engineers. The weight of the stones shall 
be from thirty GlO) to one hundred and fifty (150) pounds (iich. At the 
up-stream end of the dyke the mattn'ss is to be finished off, lieavily loaded 
with rock and attached from the sc*lvag<? edge by five-eighths (j^) inch 
cables to dead-men in the bank in a manner to b(? approvcid by the Engi- 
neers. All wire rope usc'd in the work shall be of the best quality and 
thoroughly galvanized. Workmanship throughout shall be good, skill(?d 
men only being employed. 

Aft(!r the completion of the dyke or any portion of it, each of the 
piles thereof is to be anchored down (so as to prevent its being pulled 
up by ice) with two seven (7) inch cast iron disc anchors, attached to 
a loop of nine-thirty-seconds (732) inch wire cable, and sunk into the? 
river with a water-jet harpoon eighteen (18) feet below the bottom of 
the mattress. Instead of fast(?ning these cables to the piles, they may 
be attached to the caps. They must be twisted so as to put a large initial 
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stress on each of them, and must be securely fastened to either the caps 
or the piles. 

P. 199. Adherence to Specifications in Bidding 

All the work herein outlined is to be done in strict accordance with 
these specifications, the accompanying plans, and such instructions as 
may be given from time to time by the Engineers. Bidders are hereby 
warned that they will be held strictly to the spirit of the specifications, 
and that it will be bad policy for any one to bid with the expectation that 
concessions will be made aftcjr the contract is closed, in order that the 
work may be cheapened or expedited. On this account bidders arc re- 
spectfully requested not to complicate their tenders by submitting alter- 
native bids based upon proposed changes in either plans or specifications, 
because such alternative bids will not be considered. 

V. 200. Scope of Contract 

In this clause should l)e stated clearly in detail everj'^thing that the 
Contractors shall have to do and to furnish, and where and how they 
are to deliver all the materials. If any parts are to be excluded from 
the contract, this should be indicat'd; and the division of the work 
among the various C!ontractoi*s sliould be made i)erfectly clear. In this 
clause should be mentioned, (*von if the same be stated elsevhere, who 
is to attend to the work of r(»mo\’ing the existing structure, if there be 
one to be removed, and at whose expense. 

This is a most important clause', and it should receive the fullest 
consideration, to th(5 end that there shall not bc^ the slightest doubt in 
any bidder’s mind as to exactly what he is and what he is not to furnish 
or perform. S])eeial mention should b(^ made of anchor bolts which an; 
to be emb(*dded in the masonry at the tinu' of its construction, so iia 
to make it clear wheth(T they are to be incliuh'd or not, because in some 
instance's they an' furnished by the Contractor for the; substructure and 
in others by the Contractor for the' supc'rstructiire. If they are to be 
furnished by the Manufacturer of tin; superstructure, and if thi'y are needed 
before the rest of the metal, this should be statecl, and the required (kite or 
dates for delivery thereof should bo given. This last instruction applies 
also to any metal for the substructure tluit is to be furnished by the 
Manufacturer, such, for instance, as buried girders for pi(Ts. 

Under the next heading, “Approximate Quantities of Materials,” will 
be found a list of items that may enter into the? construction of any bridge. 
It will be useful in i)roparing this clause, because its perusal will prevent 
any omission in the scope' of the contract. 

Kxamclk 

The work to be done at present will be let under three contracts to 
one or more bidders. 
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A. Contract for Construction of Substructure: Shall include the 
furnishing of all materials and labor of every kind necessary to construct 
and fully to complete in every detail the three piers, the two abutments, 
and such embankments as may be required back of the abutments for 
the bridge, as shown on the accompanying plans Nos. lA, 2, and 3, and 
described in these specifications. 

B. Contract for Furnishing of Superstnicture Metalwork: Shall 
include the furnishing f. o. b. cars at Trail, B. C., all of the metalwork 
required for the superstructure of the bridge, as shown on drawings Nos. 
lAj 4, and 5, omitting only th('> towers, the hangc^r members for the span 
to be liftc'd, the machinery on tlu; lifting span and on towers, the wire 
ropes, and the metal in eountenveights. 

C. Contract for Erecting of Superstructure Metalwork for Bridge 
as Simple Spans, as shown on drawings lA, 4, and 5: Shall include the 
receiving, checking, unloading promptly and (;aring for all of the mebil- 
work for the superstructure under Contract B, as it arriv(‘s at Trail; being 
responsible^ for all demurrage due to cars not being promptly unloaded; 
the erecting, riveting, adjusting, cleaning, furnishing the paint, and paint- 
ing all of said metalwork; and the furnishing and placing of all other 
materials and building the (?ntirc superstructun* comph'te and ready for 
traffic as a fixed s'pan bridge, as shown on the accompanying plans Nos. 
lA, 4, and 5 and desciribed in these specifications. 

At a later time two further contracts vnll be let under these speci- 
fications, as follows: 

D. Contract for Furnishing of all Superstructure Metalwork and 
Machinciry required to make one span operative as a lift span, as shown 
on drawings lA, 6, 7, 9, and 10, and Sheets A/1, A/2, A/3, A/4, A/5, A/6, 
and A/7 : This contract shall include the furnishing f . o. b. cars at Trail, 
B. C., of all suiKTstructure metalwork not furnished under Contract B, also 
all the necessary machinery, apparatus, motors, and electrical equipment. 

E. Contract for Erecting of Superstructure Metalwork and per- 
forming all work necessary to convert the bridge into a lift bridge: Shall 
includes the receiving, checking, promptly unloading, and caring for all 
the metal work required to make one span operative as a lift bridge (as 
shown on drawing lA), the extra members on the lifting span, the towers, 
the machinery, apparatus, and electrical equipment on the lifting span 
and towers, and the metal in counterw(;ights; being responsible for all 
demurrage due to cars not being promptly unloaded; the erecting, ad- 
justing, riveting, cleaning, furnishing the paint, and painting of the new 
metal work; furnishing and applying oil for machinery and grease for 
guides; fimiishing and applying dressing for cables; furnishing all ma- 
terials and building complete the machinery house; furnishing all mate- 
rials, except the enclosed steel, and building complete the concrete coun- 
terweights; performing all work necessary to put the bridge in perfect 
operating condition; and the furnishing of the necessary labor and mate- 
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rials, except electric current, and operating the bridge for one month 
after its completion, delivering it at the end of that period properly adjusted 
and in perfect order. 

V. 201. Approximate Quantities of Materials 

In this clause should be given, as accurately as practicable or conve- 
nient, a list of all the different materials required fur the entire structure 
or structures and the quantity thereof for each kind. The grouping of the 
metal items should be arranged according to the pound prices of the dif- 
ferent kinds of finished metalwork. It is well not to make too many 
groujKS, but care sliould be taken that the items included in each group 
1)0 of approximately the same value per pound. If the division be simply 
ordinary structural steel and machinery metal, as is often the case, care 
should be taken to indicate clearly just where one class of metalwork 
ends and the other begins. 

The following is a list of nearly every kind of material and work 
entering into the construction of the sui)crstructuro of a steel bridge: 

1. Ordinary structural steel. (Can l)e divided mto several items if 

desired.) 

2. Reinforcing bars. 

3. Machinery metal (this may all be grouped together or may be 

separated into component parts). 

4. Nickel steel or other special alloy of steel. 

5. Pavement for main road\/ay. 

6. Concrete or reinforced concrete bast* for main readway. 

7. Concrete or reinforced concrete slab for sidewalks. 

8. Untreated timber. 

9. Treatctl timber. 

10. Steel rails and their attaclunents (hicluding special rail details and 

bonding). 

11. Electric motors and other electric apparatus. 

12. Gasoline engine's. 

13. Electric or other lighting. 

14. Signals and switches for tracks. 

15. Interlocking apparatus. 

16. Wire ropes and their attachments. 

17. Wire rope dressing. 

18. Concrete or other materials in counterweights. 

19. Machinery houses. 

20. Wooden trestle approaches. 

21. Draw protection. 

22. Pile dykes. 

23. Mattress work. 

24. Removal of old spans. 
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25. Removal of shafts of j)iers, i)ed(\stals, and abuimoiits. 

26. Removal of bases of old piere, pedestals, and abutments. 

27. Water i)i])es and apparatus for fire jirotection. 

28. Hand-rails. 

29. Shelter houses for pedestrians and operators. 

30. Gates. 

31. Smoke protectors. 

32. Downspouts for water. 

33. Wateriiroofing of floors and roofs. 

34. Earth embankments for approaches. 

35. Macadam on embankments. 

36. Ties on embankments. 

37. Curbing on embankments. 

38. Trolley line. 

39. Falsework to carry trains or other traffic. 

40. Temporary bridge or trestle. 

41. Untreated piles. 

42. Treated piles. 

43. Riprap. 

The following is a list of nearly every kind of material and work that 
enter into the construction of the substructure of bridges: 

1. Ordinary structural steel. 

2. Reinforcing bars. 

3. Concrete in shafts of piers, pc'destals, and abutments. 

4. First-class masonry in shafts of piers, pc'destals, and abutments. 

5. Second-class masonry' in shafts of jui^rs, pedestals, and abiitmcmts. 

6. Untn'ated timber in cril)s and caissons and in shells for bases of 

piers, pedestals, and abutmemts. 

7. Concrete in cribs and caissons and in bases of piers, p(;destals, and 

abutments. 

(N. B.) It(»ms 6 and 7 are frequently combimul as mass in cril)s, etc. 

8. Granitoid. 

9. Untreated timber piles in and below bases of piers, pedestals, and 

abutments. 

10. Treated timber piles in and below bases of piers, pedestals, and 

abutments. 

11. Reinforced concrete piles in and below bases of piers, pedestals, 

and abutments. 

12. Untreated timber in pier protection. 

13. Treat(id timber in picT protection. 

14. Untreated piles in pier protection. 

15. Treated piles in pier protection. 

16. Pile dykes. 

17. Mattress work. 
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18. Shafts of old piers, pedestals, and abutments to be removed. 

19. Bases of old piers, pedestals, and abutments to be removed. 

20. Old spans to be removed. 

21. Falsework to carry trains or other traffic. 

22. Temporary bridge or trestle. 

23. Earth in fills back of abutments and in embankments. 

24. Macadam on earth embankments. 

25. Paving on earth embankments, including concrc'te base. 

26. Sidewalk floors on earth embankments. 

27. Hand-rails on earth embankments. 

28. Ties on embankments. 

29. Curbing on approaches. 

30. Steel rails and their attachments. 

31. Earth excavation. 

32. Rock excavation. 

33. Riprap. 

34. Removal and rebuilding of sewem and other pipes and conduits. 

The following is a list of nearlj’^ eveiy'^ kind of material and labor that 
enter into the construction of reinforced concrete bridge^s: 

1. Ordimiry structural steel. 

2*. Reinforcing bars. 

3. Pavement for main roadway. 

4. Concrete or reinforced concrete base for main roadway. 

5. Concrete' or reinforce'd concrete slab for sidewalks. 

6. Ste^el rails and tlieir attachments (including special rail details aiul 

bonding). 

7. Electric or other lighting. 

8. Signals and switches for tracks. 

9. Inte'rlocking apparatus. 

10. Pile^ dyke's. 

11. Mattre'ss work. 

12. Re'moval of old spans. 

13. Re'inoval of shafts of old piers, pedestals, and abutmc'iits. 

14. Removal of base's e)f old jners, pede'stals, anel abutments. 

15. Downspouts fe)r water. 

16. l^arth embanlanents for approaches. 

17. Macaelam for e'arth embankme'nts. 

18. Ties in e'arth e'mbanknie»nts. 

19. Curbing on e'arth embankme'nts. 

20. Trolle^y line. 

21. Falsewe^rk to e'arry trains e)r either traffic. 

22. Temporary brielgc or trestle. 

23. UntrcatcHl piles. 

24. Treated piles. 
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25. Reinforced concrete piles. 

26. Riprap. 

27. ConcTcte in hand-rails. 

28. Concretes in floor slabs and fascias. 

29. ConcTcte in cross-girders and cantilever brackets. 

30. Concrete in main girders. 

31. Concretes in cross-walls or spandrel columns of arch spans. 

32. Concrete in arches. 

33. Concrete in shafts and copings of coliinms, i>iors, pedestals, and 

abutments. 

34. Concrete in bases of piers, pedestals, and abutments. 

35. Concrete in cribs and caissons. 

36. Granitoid. 

37. Sand filler. 

38. Untreated timber in cribs and c‘aissons and in shells for bases of 

piers, pedestals, and abutments. 

39. Earth excavation. 

40. Rock excavation. 

41. Removal and rebuilding of sewers and other pipes and (jonduits. 

This claus(j should cither begin or finish with a paragraph similar to 
the following: 

The figures given herein an^ only approximate, and neither the Pur- 
chaser nor the Engineers shall be held responsible in any way for their 
correctness. 

Example 

The following are the approximate quantities of materials in tlni 
superstructure. They are to be used in comparing t('nd(Ts, and an^ only 
approximate. They are not to be considennl in any way as binding upon 
the Province or the Engineers: 

Superstructure {vnthout Lifting Details) 

Metal in trusses, etc 447,000 lbs. 

Timber 120 M. ft. ILM. 


Substructure 


Metal in cylinders and bracing 268,000 lbs. 

Concrete in cylinders and bracing 831 cu. yds. 

Concr(jt(; in abutments 507 cu. yds. 

Earth in embankments 1,125 cu. yds. 


Superstructure Lifting Details, Machinery, ami Towers 

Metal in span 21,000 lbs. 

Metal in towers 85,400 lbs. 
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Machimjry on span 15,000 lbs. 

Sheaves and bearings on towers 7,300 lbs. 

Ropes 3,500 lbs. 

Timber in walkways 4 M. ft. B. M. 

Metal in (lounterweight 7,400 lbs. 

Concrete in counterweight 67 cu. yds. 


V. 202. Time of Completion 

The time or time's of completion of tlic work should be distinctly 
stated so that tlu'rc shall b(i no doubt whatsoever concerning the date 
at which any important division of the construction is to be finished. 
If the Purchaser is to furnish any of the matc'rials to the (Contractor, or 
if the latter^s work in tlu^ field is dependent upon that of any other con- 
tractor, provision should be niadc^ in this clause for an extension of time 
in ease of any delay caused by the non-d('livery of such inatt'rials in due 
tim(' or by the non-eompletion of the other contractor’s work at the date 
or dat(‘s fixc'd; and the sjiid extension of time should be limited to the 
actual time of d<4ay, unless th(' said delay should run the Contractor into 
a s<nison unfavorabk* to doing his fic'ld work, in which case an equitable 
extension should be arranged for. 

Example 

If this contract includes the (‘onstruction of the substructure only, 
the ('ntire work shall be completed within six (6) months from the date 
of the contract. 

If this contract includes the construction of the substructure and 
th(» ('rc'ction of the steel work and machiiuTy, and the funiishing and 
erecting of all other materials required for the complete, bridge, the entire 
work shall b(*, finished within eight (8) months from the date of the con- 
tract, unless in ilw opinion of the Engineers, the. Contraiitor be delayed 
by th(^ non-delivery of the steel work and machinery" f.o.b. cars at Black 
River Station, Louisiana, Avithin five (5) months from th(' date of the 
contract, in which ('vent the time for compk'tion of the ('ntire work shall 
be (^xtendc'd th(^ amount of time the Contractor is, in the opinion of the 
Kngiiu^ers, delayed by the non-delivery of the steel and machinery within 
the time specific'd. 

If this contract shall include the manufacture and delivery f.o.b. 
cars at Black River Station, Louisiana, of the steel, machim'ry, and acces- 
sories for the superstructure, the entire work shall be completed and 
delivered at Black River Station, Louisiana, Avithin fiA'^e (5) months from 
the date of contract. 

If this contract include the furnishing of all materials for and con- 
structing the complete superstructure, the entire work shall be finished 
ready for service within eight (8) months from the date of the contract, 
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luiloss, in the opinion of tlu' Engineers, any failiin* of the Contractor for 
substructure to complete liis work in the specified time shall delay the 
en’iction of tlu' sup(*rstructure, in which event the time for the completion 
of the entire work shall be extended the amount of time the Contractor is, 
in the opinion of the Engineers, delayed by the non-completion of the piers 
w’ithin the time specified. 

If this contract include the furnishing of all materials, and the con- 
struction of the entire structure?, the bridge shall be completed ready for 
service, to the satisfaction of the Engineers, within eight (8) months from 
the date of this contract. 


P. 203. Rate of Progress 

The Contractor shall commemje work at such points as the Engineers 
may direct, and shall conform to their instructions as to the order and 
time in which the different i)arts of the work shall be done, as well as 
to the force requinnl to compkde the work at the date or dates speci- 
fied. If, during the construction, it ai)pear to the Engim'ers that the 
Contractor is not making propcT j)rogress, the Purchaser shall have the 
right, after giving the Contractor ten (10) days^ notice in writing, to 
undertake himsiilf, either ])y administration or by letting contract to 
other parties, tin? completion of th(i said work which is IxMiig thus neg- 
lect(‘d. Should the Purchaser's work cost l(*ss than what the Contractor 
would have been paid, tlu? difference shall b(? paid to the Contractor; but, 
on the other hand, should it cost more, the? difference shall be charg(?d 
to the Contractor, and shall ho. taken out of tlu? n'served t('n (10) per cent 
or out of the bond. Under these circumstance's the Purchaser shall have 
the right to ent(*r upon anti takt; t(?mporary possession of the plant, tools, 
materials, and supplies of the said Contractor, or any part thc'reof. In 
case that the percentage of earnings withh(?ld by the Purchasc'r be insuf- 
ficient to make good the deficit, the Purchas(‘r shall have the? right to 
reimburse liimself t)y the sale of the Contractor's plant; but, otherwise?, 
the said plant shall be? returned to the Contractor afte'r the completion of 
the work. 

If, in the opinion of the Engine?e'rs, the shopwork is be?ing unnecessarily 
delayed or is about to be? delayed be'cause eff ne)n-delive?ry e)f any metal 
or because of the ass(?rte?d inability of the shops to procure me?tal, tho 
Purchaser shall have the right, after giving the ('ontractor five (5) days^ 
notice in writing, to purchase the rcquire?el metal in the open market, to 
deliver it to the shops, and to charge all costs for material and delivery 
against the Contractor. 

I. 204. Liquidated Damages and Bonus 

For each day (Sundays included) of dc?lay in completing the delivery 
of the materials (or in completing the construction) covered in the con- 
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tract, all in accordance with the terms of these specifications and of the 
said contract, the Purchaser shall withhold permanently from the Con- 
tractor’s total compensation the sum of ($ ). The 

amount thus withheld is not to be considered as a penalty, but as liqui- 
dated damages, fixed and agreed to in advance by the contracting parties. 

On the other hand, if the Contractor complete the delivery of the 
said materials (or construction) covered in the contract, all in accord- 
ance with the teims of these specifications and of the said contract, before 
the said specified time, the I^rchaser shall pay to the Contractor as a 
bonus for his diligence and as a just acknowledgment of the value to the 

Purchaser of the time thus saved the sum of ($ ) for each 

and every day (Sundays included) that the said delivery (or construction) 
is completed in advance of the specified limit. 

If, in the opinion of the Engineers, the Contractor be delayed by cir- 
cumstances that are absolutely- beyond liis control, the Engineers may 
grant him an extension of time for the completion of his contract, but 
the determination of the amount thereof is to be left entirely to the said 
Engineers. In such a case the? liquidated damag(\s and the bonus are to 
be computed from the extended date instead of the date originally speci- 
fied for completion. 

If, in any cane or for any came whatsoevery tlie Contractor fail to finish 
the deliver^’' of tlu' materials (or completion of construction) within the time 
limit originally set in the specifications, the Contractor shall pay to the 
Purchaser for the Engineers a sum of money adequate to reimburse the 
latter for all expenses of every kind incurred by thi'm because of the 
dc'lay thus involv(*d. This reimbursement of expe^nse to the Engineers is 
under no circumstance's to be* waive'el; but the proper amount is to be 
deducted from the Contractor’s payments. 

I. 205. Bojid 

The Contractor will be require'el to give to the' Purchase'r a surety-com- 
pany bonel, satisfactory to the Purchaser, in the sum of elollars 

(JJ ), for the faithful performance of the contract anel the specifie?a- 

tions, and of all the terms and conditions the'renn conteiined, anel for the 
prompt payment for all materials and labor useiel in the manufacture and 
construction of the structure (or structures), anel to prote^ct and save 
harmless the Purchaser because of injury to persons or prope'rty, caused 
by negligence, or claim of negligence, on the part of the Contractor, his 
agents, servants, or employees in doing the work or in conne^ction there- 
with, also from violation, or claim of violation, of patent rights by the 
same, and from all loss of or damsige to the property of the Purchaser. 

The bond shall be so drawn as to permit of changes being made in 
the plans and specifications during the construction of the work, or of 
extending the time for its completion, without nullifying in any manner 
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whatsoever the validity of the said bond, custom or precedent to the 
contrary notwithstanding. 


P. 206. Payments 

Pajnncnts for work shall be made as follows: 

On or about the first day of the month the Engineers will estimate the 
value of the work done and the materials furnished at site; and within 
fifteen (15) days thereafter ninety (90) per cent of the value thus deter- 
mined, less previous payments, shall be paid to the Contractor in cash. 
Upon the comtiletion of the entire work involved in thc^ contract, and 
upon the acceptance of tlu? same in writing by the Engineers, th(^ balance 
due the Contractor for the entire work shall be paid to the said Contractor 
in cash. 

Before, however, the final payment is made, the Contractor shall show 
to the Purchaser sjitisfactory evidemee that all just liens, claims, and 
demands of his employees, or of parties from whom materials used in 
the construction of the work may have Ix'en purchased or procun'd, arc 
fully satisfied; and that th(^ materials furnislK'd and the work done on 
the structure are. fully n'k'ased from all such li(»ns, claims, and demands. 
If, too, during the progress of the work, it ax)pear that the (Contractor’s 
bills for materials and labor are not being paid, the Purchaser shall have 
the right to withhold from the (kmtrac^tor’s monthly paynumts a sufficient 
sum or sums to guarantee himself against all loss(\s from mechanics’ and 
other possible liens, and to apply the said sum or sums to the payment 
of such debts. 

P. 207. Unclassified Work 

The Engineers shall have the right to require th(? Contractor to perform 
work or supply materials of any class not provided for in the specifications — 
such to b(‘ known as ‘‘Unclassified Work.” In case such work or materials 
are ordered, they shall be paid for on the basis of ac^tual cost to th(5 Con- 
tractor of the materials and applied labor, plus twenty (20) per cent for his 
profit, no indirect exiMinse of any kind Ix'ing included. In case complete 
articles or products ready for installation are furnished by the C.-ontractor 
instead of the constitu(?nt matc'rials, the (.'ontractor will be allowed for his 
profit ten (10) per cent on the cost to him of such artich^s. No allowance 
will be made for superintendence, insurance, or any otluT indirect expense, 
or for the use of tools or appliances. Satisfactory vouchers will be re- 
quired from the Contractor for all expenses of unclassified work. No pay- 
ment for any such work will be allowed unless it was ordered in writing 
by the Engineers before execution. 

P. 208. Bidders' Plant and Evidence of Experience 

At the time of opening of bids any or all bidd(irs may be required to 
pve satisfactory evidence that they have had actual experience in the 
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class of work for which they have tendered. Bids of inexperienced per- 
sons or companies and of those bidders who have failed in the past prop- 
erly to perform other contracts may be rejected for such cause. Each 
bidder on substructure or erection of superstructure shall submit with his 
tender a full statement of the equipment he has available for use on the 
work for which he tenders. 


V. 209. Tenders 

In this clause there should b(^ listed all the materials given in the 
clause entitled “Approximate (Juantities of Materials/' and a space should 
be left blank for th(^ schediih^ pri(?(' to be written in. Either at the head 
of the list or in onvh item, it must be clearly statcnl whether the prices 
cover matxTial dclivenHl at site, material in place, enMjtion only, or other- 
wise*. Directions should b(>! given as to how tli(^ tenders an* to be pr(^pared 
and presented, and the date s(*t for opening tlie bids should be stated. 

Example 

Bids will 1)0 rc'ceived by the Ohic'f KnginecT of the Dc^partment of 
Public Works of the Province of British Columbia, at Victoria, B. C., up 

to noon of No bid will be considered which is received 

after that time. 

Bids shall be made as follows: 

First. For the substruetun*, as described in Paragraph A \ind('r 
Scope of Contract, t(»nd(Ts shall be made thus: 

For m(*talwork in i)i(*rs and bracing girders in place, and painting 


same, (H'lits per i)ound. 

For coii(T(*t(* in piers and bracing girders, dollars ($ ) 

per (Uibic yard. 

For concn'tc in abutments, in place, dollars ($ ) 

per cubic yard. 

For ('arth fill b(*hind abutments, cents ptT cubic yard. 


Second. Tenders for the furnishing of the superstnujture metal- 
work, according to Paragraph li under Scope of Contract, shall be made 
as follows: 

For furnishing f.o.b. cars at Trail, B. C., all of the superstructure 
metalwork for the fixed spaas, cents per pound. 

Third. For erecting the metalwork and completing the superstruc- 
ture of the fixed spans, according to Paragra])h C under Scope of Contract: 

а. For erecting the metalwork and furnishing and applying the field 

coats of paint, cents per pound of metalwork. 

б. For furnishing and erecting in place the timber floor, including the 

bolts, spikes, and fastenings for the timber, dollars ($ ) 

per M. ft. B. M. of timber in place. 

Fourth. For furnishing the steel work, electrical equipment, and the 
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machinery necessary for making one of the fixed spans movable^ bidders 
shall tender as follows, for material f.o.b. cars at Trail, B. C.: 

a. For structural metalwork to be added to fixed spans in towers and 
for that in counterweights, cents per pound. 


6. For all machinery on the movable span, cents per pound. 

c. For main sheaves, shafts, and bearings on towers, cents 

per pound. 


d. For suspending and operating wire ropes and their attachments, 
cents per pound. 

c. For electric motor, electric controller and resistances, solenoid brake, 
switchboard, and appurtenances, dollars ($ ). 

Fifth, Bidders for the ('n'ction of materials required to convert one 
fixed span into a movabhi span, according to Paragraph E of the Scope of 
Contract, shall tc'iider as follows: 

a. For unloading and er('cting the structural metal to be added to the 
movable span, and that in th(? towers and in the counterweights, and for 


furnishing and applying the field paint to the same, cents 

])er pound. 

h. For unloading and erc'cting the machinery on the movable span, and 

for furnishing and applying the paint to the same, cents per 

pound of machinery. 


c. For unloading and erecting the sheaves, shafts, and bearings on the 

towers, and for furnishing and applying the paint to the same, 

cents per pound of metal. 

d. For unloading and erecting the suspending and operating ropes 

and attachments, and for furnishing and applying the rope dressing for 
the same?, cents per pound of metal. 

e. For unloading and (meeting the electrical equipment and for fur- 

nishing and putting in i)lace all wiring and the conduits therefor, and all 
appurtenancc*s iiec(*ssary to make the electrical (H^uijmKmt complete and 
adequate for the satisfactory'^ operation of the bridge, dollars 

(S ). 

/. For furnishing all materials for and erecting and painting the 
machinery house and walkways on the bridge, dollars 

(S ). 

(j. For furnishing all the material for and erecting the concrete in the 
counterweights, dollars ($ ) per cubic yard. 

V. 210. Form of Propoml 

Occasionally it is necessary to have all tenders submitted on forms 
prepared by th(i Purchaser, in which case they should give the quantities of 
mat(;rials in a vertic^al Hikj to the l(*ft of th(i page and two vertical blank 
rows for filling in the scheduks prices and the corresponding totals. 

In such cases there should be a clause similar to the following: 
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All proposals shall Iwi made upon blanks furnished by , 

(or herewith enclosed, or accompanying these specifications). 

1. 211. Deposit Check and Forfeiture Thereof 

Each tender must be accompanied by a properly certified check for 

dollars ($ ) (or for ( ) per cent 

of the total amount of the said tender) made payable to 

The chock of the successful bidder will be returned upon execution of con- 
tract and acceptance of bond. All other checks will be returned imme- 
diately upon execution of contract. Any bidder who refuses or fails within 
ten (10) days to enter into contract after it has beem awardcxl to him will 
be declared irrcspoasible, and his check will be forfinted to the Purchjiser. 
If any bidder negle(;t to dei)osit with his t(mder the required certified 
ch(Tk, or if there be any irregularity in the cheek he deposits, or if the 
bank upon which his ch(!ck is drawn be not solvent, his tender shall be 
rejected. 

P. 212. Integrity of Bid 

Each bid must be accompanied by an affidavit to the effect that the 
bid is genuiiu^ and not sham nor collusive^, nor made in the inter(\st nor 
on behalf of any person or corporation not named therein, that the bidder 
has not directly or indirectly induced or solicited any bidder to put in a 
sham bid or induced any oth(T person or corporation to refrain from 
bidding, and that the bidder has not in any manner sought, by collusion, 
to secure to himself an advantage over other bidders. Any bid made 
without such affidavit, or in violation thereof, shall be absolutely void. 

P. 213. Withdrawal of Tender 

No tender can be withdrawn after it has been officially opened or after 
the date st*t in the spc'cifications for opening it, unU'ss it shall have Ix'en 
held unopened more than thirty (30) days after the said date set for opening. 

P. 214. Award of Contract 

As soon as possible after the award is made, a contract similar to that 
outlined on the accompanying form will be presented in duplicate to the 
successful bidder for his signature, after which both copies ivill be signed 
by the Purchaser, and one copy will be retained by (.‘ach of the parties 
to the agreement. 

Before any bidder is awarded the contract for the work, he must, 
if so requested by the Purchaser, furnish satisfactory proof of his financial 
and executive ability to deliver the materials and carry on the construction, 
as called for by these specifications. Failure so to do will involve the 
forfeiture of his deposit check. 



1882 


BRIDGE ENGINEERING 


CnAFTER LXXIX 


P. 215. Assigning or Subletting Contract 

The Contractor shall not a.ssign nor transfer this contract nor sublet 
any part thereof without the written consent of both the Engineers and 
the surety on the Contractor’s bond; and the written consent of his surety 
to such transfer or subletting shall be filed with the Engineers. No sub- 
contract nor transfer of contract shall under any circumstances relieve the 
Contractor of any of his liabilities under this contract. Should any sub- 
contractor fail to perform the work undertaken by him in a satisfactory 
manner, the Engineers may at their option annul and terminate such sub- 
contract. Copies of all subcontracts that arc jx'rmittcd arc to be delivered 
to the Engineers. 

P. 21G. Rejection of Bids 

The Purchasci reserves the right to reject any or all bids 


P. 217. Return of Papers 

All papers submitted to bidders, excepting only those of the successful 
bidder, are to be returned to the Engineers upon demand. 


I. 218. Meaning of Terms 

Wherever in these specifications the term “Purchaser” is employed, 
it is understood to refer to 

Wherever in these specificatioas the term “Engineers” or “Engineer” 

is employed, it is understood to refer to , or their (his) duly 

authorized representatives. Wherever the term “laspector” or “In- 
spectors” Is used, it is understootl to refer to the representatives of the 
Engineers (Engineer) . 

Whenever in these specificatioas the term “this work” or “the work” 
is employed, it is understood to refer to all the work specified and men- 
tioned throughout these specifications or indicated on the various plaas 
accompanying the same. 

Whenever the term “Contractor” is employed, it is understood to 
mean any person or corporation that may have entered into a contract 
with the Purchaser for this work or any portion thereof. Every reference 
to Contractor applies equally to all Contractors connected with the work, 
unless there is specific limitation to the contrary. 

(Place and Date) 

(Engineers). 
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Purchaser: 


Contractor: ] 


Dated 


CONTRACT 

Between 


And 


For 

. • at .... 

(Engineers) 


MEMORANDUM OF AGREEMENT, Mmlo and signed this day 

of at 

by and between 


the party of the first part, and sometimes termed in this agreement and in the speci- 
fications th(? “ Purchaser,” and 


the party of the second part, and sometimes termed in this agreement and in the speci- 
fications the ” Contractor.” 

WHEREAS. 


WHEREAS, The Contractor has, under date of 
satisfactory tender for 


,, made a 


NOW THIS AGREEMENT WITNESSETH: 

First. The Contractor, for and in consideration of certain payments to be made 
to him as hereinafter specified, hereby covenants and agrec's to provide, at his own 
cost and expense, all labor, machinery, plant, tools, and appliances, and to 
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all in accordance with the Plans and Specifications hereunto annexed and made a part 
hereof, and will fully finish and complete the same by 


but, if, in the opinion of the Engineer, the Contractor bo delayed or prevented in the 
prosecution of the work by conditions absolutely beyond the control of the Contractor, 
additional time for completion of the contract will bo allowed, and the amount of such 
additional tim(^ will be determined and fixed solely by the Engineer. 

Second. The Contractor shall start the work of construction as soon as practicable 
after the signing of the contract., and shall carry on the work with adequate diligence 
to ensure its coinpk'tion within tlui time spt'cificxl. 

Third. In consideration of the performance by the Contractor of his covenants 
and agr('emeiits, as her(*in set forth, the Purchaser hereby covenants and agrees to pay 
the Contractor as follows: 


In case the Engineer require the Contractor to perform work or to supply materials 
of a class not includi^l and covered in the above list of items nor, in the opinion of the 
Engineer, described or implied as includcxl in the above list by the plans and speci- 
fications, such matcTials and work shall be paid for as provided in the clause for Unclassi- 
fied Work in the attached specifications. ^ 

* No payments, eithcT partial or final, are to be made for any material which is to 
be uscxl for falsework or plant; but payment is to be made only for materials which 
are left permanently in the finished structure and form a part of it. The Engineer 


* This sentence may occasionally have to be modified or omitted. 
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may, at his discretion, allow temporary partial payments in advance of the permanent 
work as materials for plant and falsework are employed, but the Contractor shall have 
no right to demand such compensation. 

Fourth. The schedule prices to be employed in making partial payments for all 
work as it progresses are to be determined by the Engineer. 

Fifth. All material paid for by the Purchaser shall be deer.ied to have been deliv- 
ered to, and to have become the propc^rty of the said Purchaser, but the Contractor 
hereby agrees to store it and to become responsible for it during the continuance of 
this agnHjment. If any of it be lost, damaged, or dc'stroyed by floods, washouts, or 
fires, or by any other means whatsoever, the Contractor shall repair or replace the 
same at his own expense and to the satisfaction of the Engineer. 

Sixth. If the Contractor fail to complete the work within the time specified, and 
if the Purchaser shall nevertheh^ss pennit the said Contractor to proceed, and continue, 
and complete the same, as if such time* had not lay)S('d, such permission shall not modify 
nor waive in any respect any forfeiture or liability of the Contractor for damages aris- 
ing from such non-completion of said work vrithin th(‘ time specified, and covered by 
the ^‘LiquidatcHl Damages*’ clause of the specifications; but such liability shall continue 
in full force against the said Contractor, as if such yx^rmission had not been granted. 

Further, if the Contractor fail to complete the work within the time sy^ecified, no 
partial estimates will be rendered and no payments will be miule after the date specified 
for comy)l(*tion until the Contractor shall deliver to the Engineer for each and every 
such partial payment the writ ten consent of the Contractor’s Surety, permitting such 
payment to be miide without affecting the validity of the Bond. 

Seventh. No change or alteration shall be made in thc^ terras or conditions of this 
agreement without, the consent of both partic's h(Ti*to in writing; and no claim shall 
b(? made or considert'd for any additional or unclassified work unless the same shall 
be authorized and directed in vriting by the Engineer. 

Eighth. The Contractor hereby assumes the risk of the occurrence of delays in the 
prosecution and comydc'tion of the work embraced in this contra(;t; and the amounts 
hereinbefore mentioned to be rectnved by the Contractor in payment for the work 
include and covct that risk, and therefore the Contractor shall be entitled to no addi- 
tional compensation on account of any such delays. 

Ninth. The Contractor hereby agrees that he will at all times keep within his 
control the work covered in this contract and will not assign or sublet all or any por- 
tion of it without the written consent of the Purchaser. 

Tenth. The decision of the Engineer shall at all times control as to the interpre- 
tation of drawings and specifications for the work; but if eithiT the Purchaser or the 
Contractor shall consider himself aggrieved by any such decision of tlx; Engineer he 
may require the dispute to be finally and conclusively settled by the decision of arbi- 
trators, one to be appointed by the Purchaser, and a second by the Contractor. In 
case the two arbitrators thus chosen fail to agree, a third arbitrator shall be appointed by 


By the decision of these arbitrators, or by that of a majority of them, both parties to 
tl^ agrooment shall be finally bound. 
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Eleyenth. The Contractor is to indemnify the Purchaser against all. liability or 
damages on account of accidents occasioned, or claimed to be occasioned, by the omis- 
sion or negligence of himself, his agents, or his workmen during the continuance of 
this agreement, and against all claims for royalties on patents; therefore it is hereby 
agreed that the Contractor shall be promptly and duly notificHl in writing by the Pur- 
chaser of the bringing of any suit or suits on such accounts against the Purchaser, and 
shall be given the option of assuming the sole defense thereof. It is also agreed that 
the Contractor is to pay all judgments obtained by reason of accidents or patents in 
any suit or suits against the Purchaser, including all legal costs, court expenses, and 
other like exix'nses. 

Twelfth. The Contractor further agrees to give to the Purchaser, and to maintain 
in force during the continuance of this contract, a surety-company bond, satisfactory 

to the Purchaser, in the sum of dollars ($ ), 

for the faithful performance of tliis contract and the specifi(;ations, and of all the t(Tms 
and conditions th<Tein contained, and for the prompt payment for all materials and 
lalx)r used in the manufacture and construction of the structures, and to proti^ct and 
save harmk'ss the Purchaser from all claims on account of patents and from all 
damages to pcTsoiis or property caustxl by the negligence or claim of negligence on 
the part of the Contractor, his iigemts, servants, or employees in doing the work or in 
connection therewith, and from injury to or loss of mat(^rials paid for by the Purchaser 
either partially or in full before the completion and acceptance of the construction or 
constructions. 

Thirteenth. The word “ Engineer ** or ** Engineers ” as used in this Contract and 

in the Specifications shall mean the Consulting 

Engineers of 

or their duly authorized representative. 

IN WITNPXS WHEREOF, the parties to this agreement have hereunto set their 
hands and seals. 

Dated the day and year first herein written. 


Purchaser. 


Witness of Purchaser’s Signature. 


Contractor. 


Witness of Contractor’s Signature. 
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Abutments, Position of .... 174 
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Built Members .... 87 
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Caissons Sunk by the Pneumatic 

Process 176 
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Carbon Steel, Requirements for . 56 

Carrying Trains, Falsework for . . 164 
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Castings, Iron 70 
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Contractor’s Plant 49 

Contractor’s Risk 43 
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Controllers and Resistances . . . 112 
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and Their Attachments . . . 104 

Counterweights 108 
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Damages 44 

Damages, Liquidated 204 
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Deck, Railway 156 
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Encountering Obstacles .... 181 
Engineers’ Field Office .... 52 

Engine Service 15 

Engines, Gasoline 126 

Equalizing T^evers and Pins . . . 107 

Equalizing Pins 107 

Erection Barged 165 

Erection of Steel 162 

Error in Structural S1 (h* 1, Limits of 88 

Errors of Connections, Correction of 163 
Evidence of Experience .... 208 

Excavation 180 

Expansion Plates for Flcwrs . . . 143 
Experience, Evidence of .... 208 

Eye-bars 91 

Eye-bars, Tests of Full-sized ... 64 

Falsework 53 

Falsework for Carrying Trains . . 164 

Field Houses 150 
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Finish of Rolled Steel 66 

Fire-proof Construction of Machin- 
ery Houses 151 
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Machinery in General 1(X) 
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Metal, Inspection of 33 

Meth(^s of Testing 59 
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Patent-Plates 98 

Patents and Royalties 18 
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(5L0SSAUY OF TKliMS 

The dimensions to which the following glossary of technical terms 
used in all branches of bridgework and in its allied constructions has 
attained are a surprise to all concerned in its preparation. While it is 
intended to cover only those technical words that are employed in bridge 
engineering and construction, it includes all lines thereof, from the theory 
given in the technical schools, through the designing, manufacture of 
metal, and all other bridge materials, shopwork, inspection, and con- 
struction — up to the comph'tion of the finished structure and all the 
accessory works, such as approachc's, shon* protection, operating machinery, 
lighting, and fire protection — ^also even tlu' maintenance and ojxTation 
of finished structures. On this account, many special words used in 
mechanical and electrical engineering and in water supply have necessarily 
been insertinl. It has been the aim of the author to include, regardless 
of their evidemt crudity, the special nomenclature of the workmen which 
is not to be found in the dictionaries or other glossaries. Elaborate, 
though, as this glossary certainly is, it is possible that there will be found 
omitted some words of more or less importance', notwithstanding the 
extreme care that has been taken to overlook nothing. While making 
it completes, the aim has been to avoid padding by the exclusion of words 
that would b(^ of no practical value under any circumstances. Occasionally 
some far-fetched t(?rm has bec'u discarded, mainly because of the inability 
of all concerned properly to define it; but such cas('s were rare. Those 
simple, common, semi-technical words in everyday use, which form a part 
of the vocabulary of the general public as well as of bridge engineers and 
constructors, have bc(?n omitted, unless a si)ecial reason, such as given 
below, has made it necessary to includes them. 

Double words, like “('hinese Windlass,” are defined nearly always 
under the noun, but a cross reference is made und(;r the adjective. 
Hyphenated words are defined under the letter of the first word. Phrases 
are given undc'r the dominating or most distinctive word, and are cross- 
referenced under the subsidiary word or words. 

A group of words related to a single word appears as sub-heads under 
that word. In some instancies, in order to preserve the uniformity of 
arrangement, it has been necessary to define apparently simple words 
in order to introduce the sub-headings in their proper places. It is believed 
that the grouping of sub-headings in this manner will afford the reader 
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a better grasp of the extent and ramifications of a subject than could 
be gained without such a classification. 

The beginning of the preparation of this glossary dates back more 
than a dozen years to the time when the author conceived the idea of 
preparing a dictionary of technical engineering terms in English, French, 
German, and Spanish. The task proved to be too great for the time that 
could be spared, and hence was abandoned; but the list of technical terms 
coll(K;t(Ml for the purpose formed a good nucleus for this chapter. Later, 
after th(5 writing of the book was Ix^gun, the author enlarged greatly the 
first list by selecting words from bridge specifications and from books 
on all subjects relating to steel metallurgy and to bridge engineering and 
construction, and also by having his numcTous field engineers send in 
lists of sixicial words and phrases used in erciction. After all the terms 
were thus collecti?d and y)lac('d in proper order, it was found that they 
numbered about four thousand, but the author excluded some four 
hundred of them, inainl}'' Ixicause of their not Ix'ing sufficiently unusual 
or strictly technical ; after which the list was tyix'written and made rejidy 
for th(^ prei)aration of tlu^ definitions. This last work was doiK' principally 
by the author’s sou and future partner, N. Everett Wadd(*ll, Esq., C.E.,* 
aided by Robert C. Ihirru'tt, Esq., C.E.,t and the author’s brother, 
11. W. Waddell, Esq., C.E. Finally, the work was checked and revised 
by the author in iktsoii, who d(‘sires here to acknowledge with many 
thanks the valuable assistance and the careful and painstaking work 
of th(^ three gcmtlemcm just mentioned. They not only defiiKHl tlx^ old list 
of terms furnisluHl to them, but also enlarged it fully one-third, mainly 
by adding derivative's, the number of terms actually defined Ix'ing about 
five thousand, and the nuinlxT cross-refenmeed about three thousand. 

In view of the large amount of labor and the great carci (expended on 
thc^ j)reparation of this glossiiry, it is ardently hojxxl by all (xmcerned 
in its i)r(»paration that it will prove of real service to tlu' engineering 
profession. 


GLOSSARY 

A 

Abacus. — ^Tho iippor member of the capital of a column. 

Abscissa. — A term in rectangular coonlinates refi^rring to the horizontal distance of 
any point from the vertical axis. 

Abutment. — ^^Fhat part of a pier from which an arch springs. A structure sustaining 
one end of a bridge span and at the same time supporting the embankment which 
carries the track or rosidway. 

Straight Abutment. — ^An abutment that has only one wall, whi(;h is generally at 
right angles to the longitudinal centre line of the structure. 

Stub Abutment. — Same as Straight Abutment,” q.v. 

T-Abutment. — ^A straight or stub abutment with a stem ninning back into the fill. 

* Now junior member of the firm of Waddell and Son, Consulting Engineers, 
t Now Associate Engineer of Waddell and Son. 
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Abutment 

U-Abutment. — A straight abutment with additions of two wing walls at right angles 
to the face. 

Wing Abutment. — An abulinent similar to a U-abutincmt except that the two wings 
make angUns with the face of from thirty to forty-five degrees. 

Abutment Line. — See *‘Lino.” 

Abutting Joint. — See “Joint.” 

Acceleration. — ^The iiicrc^ase in velocity which takes place in a unit of time. 

Acid Open-Hearth Furnace. — See “Furnace.” 

Acid Steel. — See “Steel. 

Activity of Cement. — See “Cement.” 

Actual Horse-power. — Same as Brake Horse-power. Sec “ Horse Power.” 

Adhesion. — ^The force which holds together two bodies placed in close contact with 
ejich other. 

Adiabatic Curve. — See “Curve.” 

Adjustable Eye-bar. — See “Eye-bar.” 

Adjustable Key. — Sc»e “Key.” 

Adjustable Member. — See “ Member.” 

Administration. — The direction or oversight of any oiTice, service, or constniction; 
or the mariag('ment of public aiTairs. 

Adulterant. — A substance* substituted partially for anotluT without acknowlcnlgment. 
Adulteration. — The partial substitution of one substance for another without acknow- 
ledgment. 

Advancing-load Stress. — See “Stress.” 

Adze. — A hand tool, liaving a curved cutting edge p(*rp(»ndicular to the handle, used 
for dressing the* surface's of timbers or stones. 

Aeration Jet. — See “Jet.” 

Aggregate. — The iiu'i-t material such as sand, broken stonc', etc., with which the cement 
or other lulhesive mat(’rial is mixi'd to form a eoiuinjtc or mortar. 

Air-blast. —An air current forced ujwn a fire to stimulate combustion. 

Air Brake. — See “Brake*.” 

Air Chamber. — See “(Chamber.” 

Air Compressor. — See “Compressor.” 

Air Current. — S(*e “CuiT(*nt.” 

Air Cushion. — See “Cushion.” 

Air Cylinder.- -S(H* “Cjdinder.” 

Air Dolly.— See “Dolly.” 

Air Gauge. — Swj “Gauge.” 

Air Gun.— See “Gun.” 

Air Hammer. — Sec? “ Harainer.” 

Air Hoist. — Sec “Hoist.” 

Air Hose. — See “ Hose.” 

Air-lift. — A hoisting apparatus that operates by means of compressed air. 

Air Line. — Sex; “Line*.” 

Air-lock. — ^An air-tight, doubkMloor antechamber of a caisson used for passing work- 
men or inat(*rials into or out of the caisson and to regulate the air pressure during 
such passage. 

Air Piston. — See “Piston.” 

Air Pressure. — See “Pressun;.” 

Air Pump. — See “Pump. 

Air Reamer. — Six; “Reamer.” 

Air-receiver. — A reservoir in which compressed air is received and stored. 

Air Riveter. — S<*e “ Riveter.” 

Air-setting. — Hardening by exposure to air. Usually applied to cement. 
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Air Shiift.--8ee '^Shaft.” 

Air Slake.— See “Slake.” 

Air Valve. — See “Valve.” 

Alidade. — ^The horizontal plate in a transit which carries the vomiors, the level bulbs, 
and the standards, and which revolves about th(^ graduatcnl limb: an attachiiK'nt 
on many instruments for measuring angles. A straight edge, having a telescope 
mounted thereon, uschI in plane table surveying. 

Alignment. — ^The state of being in line; the ground plan of a railway or other road 
in contradistinction to the grades or profile. 

Alligator Riveter. — Sec “Rivcjtor.” 

Alligator Wrench.— See “Wrench.” 

Allowable Bearing Pressure. — S(Mi “Blearing.” 

Alloy. — A substance consisting of two or more motaLs mixed tog(»ther, or non-metallic 
bodies mixed with mentals, in intimate solution or combination with one another, 
forming, when melted, a homogeneous fluid. 

Alternate Layout. — See “Layout.” 

Alternating Current. — S(m» “Current.” 

Altitude. — Height; the d(‘gn‘e or amount of edewation above th(* foundation or ground. 

Aluminum. — \ white metal wdth high tensile strength and low spc’cific gravity. Used 
for purifying steed. 

Aluminum Bronze. — An alloy of copper containing about ten per cent of aluminum. 

Ambiguous Stress. — See “Stress.” 

American Locomotive. — Sec “Locomotive.” 

Ammeter. — An instrument for moasming or estimating in ampcTes the strength of 
an electric current. An ampcjnvmeter. 

Amorphous. — Without regard for dc^finite form; uncrystallized, structureless. 

Amortization. — A method for liquidating a dcd)t by making annual payments to a 
sinking fund which in a givt^n time with the accuinulat.ed interest becomes c'qual 
to the debt. 

Amount. — ^Thc sum of the principal plus accrucHl iiit('n\st for a given time. In the 
c:ise of a sinking fund involving periodic deposits of money, the amount of such 
fund is the sum of th(^ “amounts” of the dc^posits. 

Amplitude of Vibration. — See “ Vibration.” 

Anchor. — ^An apparatus which holds a floating objc'ct to the bottom, or any device 
for holding an objcjct to tlu^ ground or to other fixed objects. 

Chinese Anchor. -A rectangular box filltxl with naks, used for an(;horing in 
swift currents. A sling, or bridle*, is attached to the box, and to this a float is 
fastened. 

Mushroom Anchor. — An anchor made in the shape of a mushroom — us(*d on muddy 
bottom. 

Anchorage. — ^A device for anchoring down any part subjected to uplift, such as the 
end of the anchor arm of a cantilever bridge*. 

Anchor Arm. — ^The end portion of a cantilever bridge extending from oiu^ of the main 
piers to an anchor pier. 

Anchor Bar. — See “Bar.” 

Anchor Bolt.— See “ Bolt.” 

Anchor Pier. — Sec “Pier.” 

Anchor PUe.-See “Pile.” 

Anchor Plate. — See “Plate.” 

Anchor Shackle. — See “Shackle.” 

Anchor Span. — See “ Span.” 

Angle. — ^Thc amount of divergence between two intersecting, straight lines. The term 
is also applied to an angle-iron section, q,v. 

Bulb Angle. — ^An angje-ixon section in which one leg has a bulb on one end. 
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Angle. 

Clip Angle. — short attaching angle that takes a portion of the stress of any main 
member; also termed a “lug-angle.” 

Connecting Angle. — \i\ angloiron used for conm^cting two pieces. 

Flange Angle. — One of the upper or lower chord angk'S in a girder. 

Flashing Angle. — An angle to which fliushing is attsichcd. 

Lacing or Lattice Angle. — An suigle used in latticing, q.v. 

Lug Angle. — Same' jus “Clip Angle,” q.v. 

Reentrant Anglc.—An angle in which the vertex points inside the figure of which 
it forms a part. 

Seat Angle. — A short angle riveted to a column to support tom])orarily a beam 
during erection. 

Shelf Angle. — Same as “Seat Angle,” q.v. 

Starred Angles. — A pair of jingles placed comer to corner with h'gs outstanding 
and hidd in position by ti('-plates riveted thereto at intervals. 

Stiffening Angles. — .Vnglt\s rivetwl to the web of a girder to stilTeii it agjiinst buckling. 
Thrust Angle. — .\ short angU* inserted betwi'en the outst.anding legs of a column 
at the bottom of the cjintilever brackc't to carry the thrust from the latter to the 
cross-girder. An jingle membcT in traction bnicing. 

Angle Clip. — Samj* as “Clip Angle,” q.v. 

Angle-iron. — A rolled piec(* of steel having a cross-section shaped into a right angle. 
Angle Joint. — See “Joint.” 

Angle Lacing. — See “ Ljicing.” 

Angle Lug. — »Sjime jis “(^lip Angle,” q.u. 

Angle of Friction. — Sec “Friction.” 

Angle of Repose. — »See “ lleposju” 

Angle of Rupture. --^See “ Rupture.” 

Angle of Torsion. — See “Torsion.” 

Angle of Twist. — Same as “Angle of Torsion,” q.v. 

Angle Strut. — See “Strut.” 

Angular Fracture.-- ^See “Fnicture.” 

Angular Strain. -Sjime tus “Torsional Strain,” q.v. 

Angular Velocity. — Sen* “Vt*loeity.” 

Anneal. —To reduce the brittleness and increase the ductility of metal by hejiting 
to a certain temperatun*, then cooling slowdy in air or oil. 

Annealing Furnace. — Scm? “ Furnace.” 

Annuity. — A regiihir, yearly pjiynK'iit of a uniform sum of money. 

Anvil. — A hc»jivy block of steel on which metals may be hammercnl, shiipcnl, or forged. 
Anvil Vise. — Sec “ Vise.” 

Apex. — ^^rhe intersection of a web m(?mb(T with a chord or flange; also callixl a panel 
point. 

Apex Load. -See “IxKid.” 

Apparent Stress. — See “Stress.” 

Approach. — ^llie construction leading to the end of a bridge. 

Apron. — A device to protect a river bank or river binl agjiinst scour; a shield. 

Ice Apron. — ^An ic(? bmaker, or starling, phictHl on the uji-stn^am end of a bridge pier 
to protect it from the moving icj*. 

Aqueduct. — An artificial canal for the conveyance of water, either above, on, or under 
the ground. 

Arbitration Test Bar. — See “Ihir.” 

Arc. — A portion of a curve. An arch. 

Arch. — Any bow-like curve;, stnicture, or o^ect, usually having the convex side upwanl, 
generally spanning an opening and producing horizontal as well as vertical reactions. 
Blind Arch. — ^An arch in which the opening is walled up. 
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Arch. 

Braced Arch. — ^An open-work truss in the form of an arch. 

Catenary Arch. — ^An arch which tak(»s the fonn of an inverted catenary, q.v. 

Circular Arch. — ^An areJi which takes the form of a portion of a circle. 

Crown Thrust of an Arch. — ^The thrust or compression existing at the crown of an 
arch due to the loading. 

Elastic Arch. — ^An arch designed on the basis of the elastic theory of materials. 

Elliptical Arch. — ^An arch having the form of a semi-ellipse. 

Flat Arch. — ^An arch in which tlui intnulos is straight; an arch of low rise. 

Geostatic Arch. — ^iVn arch which has a curve of such nature that the vert ical pressure 
is proportional to th(^ depth Ix'low a fixefl horizontal plane, and the horizontal 
pressure bears to the vtTtical prc^simj a fixtxl ratio depending on the natun* of the 
superincuinb(;nt materials. 

Groined Arch. — An arch in which the ciuwed intersections, or arrises, of simple vaults 
cross each otlxT at any angh*. 

Hinged Arch. — An anili which has one or more hinged joints. 

Inverted Arch. — An arch having its inlrados b(‘low tlxi axis or springing line. 

Jack Arch. — An arch limited in thickne^ss to that of one brick. 

Laminated Arch. — A beam, having the form of an arch, constructc'd of several thick- 
nesses of planking bent to shape and bollcnl together. 

Lenticular Arch. — An arch wliic^h has a rib composed of two lens-shaped trusses. 

Linear Arch. —A linear arch is tlx* (^(juilibrium polygon for tlx^ syst('m of loads applied 
to th(» phj’sical arch. In an actual arch the rc'sistancc line is the lineai* arch for the 
ac^tinU kuuling. 

Melan Arch. — \ type of reinforced concrete arch in whh^h ribs of rollcxl I-beams, 
or built up lattice; ginh*rs, spaccnl two or three feet centres, are used to strengthen 
tlx; concrete arch barrel. 

Monier Arch. — An arch in which the reinforcement consists of wii*e netting, one net 
b(‘ing phuH^l tx'ar tlx^ intrados and one ix^ar the extrados. 

Multi-centered Arch.— An arch having an outliix; (‘oinposed of a series of circular 
arcs with diflfcTcnit nulii, giving an approximation to an (*lli])sc;. These anis an; 
HyinnxMri(;ally disposed about a vtTtical axis and oc(;ur in odd numbers. 

Oblique Arch. — An arch in which the axis is not peipendicular to the central plane 
of the structure. 

Open Spandrel Arch, — An arch in which the rotulway is carriwl on spandrel 
columns or cross-w’alls. 

Relieving Arches. — .Vrclx's which are built at the bjwk of a retaining wall with their 
axc's peipendicular to the wall, in order to ivlieve the stincture from a portion 
of the latcTal thrust, and to increjisc* the resistance to ovcTturning by the additional 
weight of masonry and its supiTiMiscHl earth loixl. 

Right Arch . — An arch in which the faces are perj^endicular to the axis of the soffit. 

Rise of an Arch. — ^'Fhe vertical distance from the si>ringing line to the highest point 
of the intrados. 

Segmental Arch. — X circular ar(;h in which the intrados is less than a semi-circle. 

Skew Arch. — Same as an “Obli(pio Arch,” q.v. 

Solid Arch. — An arch which has no openings or d(H'p n»cesses in its arch barrel, and 
which is composed of one material or aggregat(\ 

Solid Spandrel Arch. — Same as “ Spandrel Fillet! Arch,” q.v. 

Spandrel Braced Arch. — See “ Spandrel Braeetl.” 

Spandrel Filled Arch. — An arch in vrhich the spandrels arc filled with earth or 
other materials. 

Striking of Arch. — ^Knocking out the wcdgc;s and lowering the centres, thus making 
the arch self-supporting. 

Three-hinged Arch. — ^An arch hinged at the piers, or abutments, and at the crown. 
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Arch. 

Thrust of Arch. — horizontal roaciion of an arch against its abutment. Also 
the rosuliing pn'ssun; normal to the face of a racliul section of an arch ring. 

Two-hlnged Arch. — An arch ]iing(\l only at the piers or abutments. 

Arch Barrel. — Same as “Arch Ring,” q.v. 

Arch Bridge. -See “Bridge.” 

Arch Buttress. — A flying buttress; an arch springing from a buttress or pier. 

Arch Centre. — A temporary structure for supporting an arch while in the process of 
construction. 

Arch Culvert. — Sec “Culvert.” 

Arch Depth. — Sc'c “Depth.” 

Arched Girder. — Sec “Girder.” 

Arch Rib. — \ rigid curved beam either solid or built up of inembc'rs like' a truss. 

Arch Ring. — ^That portion between the extrados and in trades of an arch, sometimes 
called an “Arch Ihu-rel.” 

Arch Span.—See “Span.” 

Arch Stone. — Same as “Voussoir,” q.v. 

Arch Truss. — See “Truss.” 

Architect’s Rod.— See “Rod.” 

Architect’s Scale. -Sec “Scale.” 

Area. — The amount of sui-face included between certain eloscnl boundarj'’ lines; any 
particular ext(*nt of surface, region, or tnict. 

Catchment Area.— Same as “ Drainage Area,” q.v. 

Drainage Area. — The area drained by a stream or strf*ams. 

Effective Area. — 'I'he gross area of a sc'ction less that lost by the rivet hol(‘S or the 
pinlioles; the n(*t area. 

Moment Area. — Sometim(\s called area moment. The area ('iielosed by a mona'iit 
curve. Sec also “ Moment -Area Method.” 

Sectional Area. — 'rhe area enclos(*il by the periphery of a section of a pi(‘C(* or member. 

Area Moment. — SaiiK* as “Moment Ar(*a,” q,v. 

Argillaceous. — Containing a certain amount of clayey mattcT, siK^h as shale. 

Arithmetical Progression. — S(m' “ Progression.” 

Arris. — Th(* (xlgc* or ridge forHu*d by the intersection of two surface's. 

Artificial Portland Cement. — See “(>ement.” 

Asbestos. — A white, gray, or green-gray fibrous variety of hornblende'; usually one 
containing but little aluminum, as tremolitc' or actinolite. At time's it is calleKl 
eartli ilax, mountain cork, anel arniantus. It is considered firt'proof . 

Asbestos Packing. — Se'c? “ Packing.” 

Asbestos Paper. — Soej “ Papf'r.” 

Ashlar. — Large sepiared blocks of stone. Also frequently usexl for cut-stone masonry. 

Axed Ashlar. —Ashlar blocks which have been finisheel or dre%;s(xl with an axe. 

Broken Ashlar. -Cut-stone miusonry forme;d of ashlar blocks but laid so that the 
horizontal joints are eliscontinuous. 

Dressed Ashlar. — Ashlar blocks in which the fact's have beem dressed or smoothed 
off to a greater or less elegren;. 

Rough Ashlar. — Ashlar blocks in which the faces are? It'ft rough. This tt?rm is also 
used, rather illogically, for squared range-masonry. 

Small Ashlar. — Ashlar blocks less than one foot thick. 

Tooled Ashlar. — Ashlar blocks that have been dre^ssed on the face with a mason’s 
tool. 

Ashlar Masonry. — Sejc “Masonry.” 

Asphalt. — A bituminous matcirial employed for covering roofs, filling between paving 
blocks, forming surfaces of roads, etc. 

Asphalter. — One who covers surfaces with asphalt. 
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Asphalt Furnace. —See “Furnace.” 

Asphaltic Mastic. — See “Mastic.” 

Asphalt Rock. — ^A limestone impregnated with bituminous material. 

Asphaltum. — Same as “Asphalt,” q.v. 

Assay. — ^A tost of the composition, purity, weight, etc., of metals or metallic substances 
such as ores or alloys. 

Assay Balance. — See “Balance.” 

Assay Furnace. — See “Furnace.” 

Assembling Bolt.— See “Bolt.” 

Assembling Hoist. — Sec “Hoist.” 

Assistant Engine. — S(‘c “Engine.” 

Atlantic Locomotive. — See “Locomotive.” 

A-Truss. — See “’’rniss.” 

Auger. — ^An instrum(»nt for boring hol(»s larger than those made by a bit or gimlet; 
consisting of a helix with cutting prongs or edges. 

Crank Auger. — An auger operatcnl by turning a crank; used on mc'tal or wooil. 

Post-hole Auger. — A largo size hand tool for boring hol(\s in earth. 

Ship Auger. — An auger witli a long shank in which two cranks arc' forrnc’cl. 

Single Lip Screw Auger.— An auger which has a bit with only one lip or cutting edge. 

Auger Bit. — A small augc'r usc*d with a brace or a bit-stock. 

Automatic Gate. —See “Gate.” 

Automatic Switch. — S('(^ “Switch.” 

Average End-Area Formula. — A formula for finding the apprf)xiiiiatc volume of a 
prismoid. Thus: 

'-(-i 

when? V = volume, 

Ai = area of one base, 

A2— area of the othc'r bsusc', 

and I = the* i)erpendicular distance between bases. 

Average Haul.— Sex? “Haul.” 

Awl. — A sharp, ])oint('d tool uscxl for punching small holes in wood or lc'atlu*r without 
removing the material itself. 

Brad Awl. — A short non-tapering awl, with the cutting edge on the end, for making 
hol(?s in wood to rc’cc'ivc' bnuls, scrc'ws, etc. 

Scratch Awl. — Scune :is “Scribing Awl,” q.i\ 

Scribing Awl. — A straight, sharp-pointed awl use d for making linos on wood and 
mc'tal; somc'timc's c^allcxl a scratch-awl. 

Ax or Axe. — A hand tool used for hewing timber and choj)ping wood, also in some 
fonns employed for surfacing stone. 

Broad Axe. — An axe with a broad blade on one side and a hammer heiul on the 
other. 

Double-bitted Axe. — A doubhvbladod axe. 

Hand Axe. — A small, short-handleil axe. 

Pick Axe. — ^A hand tool similar to a pick, but having broader blade's sc't at right 
angles to each other. 

PoU Axe. — An ax with a rounding blade on one side and a blunt head or polo on the 
other. It is the most common form of axe. 

Tooth Axe. — ^A mason’s tool with a double wcxlge-shaped head and tc'c'th on the 
cutting edges. 

Axed. — ^A form of stone dressing. Sec “Dressing.” 

Broken- Axed. — ^A form of stone dressing. Sec “Dressing.” 

Tooth-Axed. — A form of stone dressing. See “Dressing.” 

Axed Ashlar. — See “Ashlar.” 
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Axed Dressing. — Soo '^Drossing.” 

Axed Stone. — See Stone.” 

Axe Hammer. — S(H) ” Hammer.” 

Axial. — PfTtaining to or of the nature of an axis. 

Axial Stress. — See ” Stress.” 

Axiom. — A self (‘vident principle or fact. 

Axis. — A liiK' about which a figure or a body is symmetrically arranged, or about which 
such a figure or body rotatc'S. A principal line through the* centre of a figure or 
solid. A fi.x(Hl line along which distances arc measured or to which positions are 
K'ferred. 

Eccentric Axis. — An axis that does not pass through the centre of gravity or the 
centre of figure of the body (jonsidercHl. The axis about whudi an eccentric revolves. 

Longitudinal Axis. — .\n axis in the longitudinal din^ction of the figun; or body con- 
siden'd, and generally pcossing through the cemtre of gravity or the centre of figure. 

Neutral Axis. — ^Thc trace of that plane in a beam where there is no tension or com- 
pre.ssion and wh(»re no dc'formation takes place. 

Polar Axis. — .\n axis at right angles to the plane of rotation. 

Axis of Gravity. — See “Gravity.” 

Axis of Symmetry. — See “Symmc'try.” 

Axis of Pressure. — Sc^e “Pressure.” 

Axis of Resistance. — See “Resistance.” 

Axis of Rotation. — See “Rotation.” 

Axle. — A pin or spindle about whiidi any wheel or member revolves. 

Blind Axle. -All axle thal. does not communicati* power; also called a d<‘ad axle*. 

Driving Axle. — \n axle which communicates motion to other parts of a machine*. 
The axle* of a locomotive which receives power from a steam piston through 
connect ing rods. 

Thrust Axle. — An axle subjected to a longitudinal thrust. 

Axle Concentration. — See “Concentration.” 

Axle Load. — See “Load.” 

Azimuth. — The angular position of an object referred to a meridian. 

B 

Babbitt Metal.— See “Metal.” 

Baby. — A bundle of willows or other brush ticnl togt'tlaT and enclosing small rock, 
thrown into a stream to protect the bank. Mon* properly termc’d a “ fascine.” 

Back-illlihg.— Sec “Tilling.” 

Backing. — A course* of masonry resting on the extrados of an arch; the earth filling 
behind an abiitiiK'nt ; the interior filling of any ston(^ masonry construction. 

Backing-out Punch. — See “Punch.” 

Back-lash. — The reaction or tend(*ncy to work backward in a pair of g(*ars when sub- 
jected to a sudden IojmI. The loose play between the t(*eth of intennf*shing gears. 

Back-sight. — A level observation, or sighting back, to a turning point or bench mark 
of known (*levation. A transit observation on a previously located point in th(^ n*ar. 
A fixcxl object in the rf*ar which is sighted upon from time to time to check the 
orientation of the transit. 

Back Speed. — The second spac'd gear of a lathe. 

Back Stay. — See “Stay.” 

Back Truck Locomotive. — Sf;e “Lcjcomotive.” 

Balance. — An instrument uscxl to determine weights. 

Assay Balance. — A very sensitive, accurate balance used by assayers for weighing 
exceedingly small quantities of materials. 

Locomotive Balance. — Sec “ Locomotive Balance.” 
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Balance. 

Spring Balance. — ^An apparatus for weighing articles by noting the compression 
of a hc'lical spring. 

Balance Beam. — The gradiiatied bar of a balance. 

Balance Block. — See '‘Block.” 

Balance Crane. — See “Crane*.” 

Balanced Load Stress. — See “Stn*ss.” 

Bale Hook.- See “Hook.” 

Balk. — A larger beam of timber. Sometimes written “ baulk.” 

Ball and Socket Joint.— S(m; “Joint.” 

Ballast. — Crav(‘l, broken stone, slag, or other roiid material put between the ties of 
a railro:i(l to prevc*nt them from slipping and to giv(j solidity to the road. 

Ballasted Floor.-- S(‘(* “ Floor.” 

Ballast Hammer. — S(‘(^ “Hammer.” 

Ball Bearing. -A support d('sign(*d spc*cially for l(*ssening friction by the use of balls 
I)ai‘tly cont. ‘lined in sock(‘ts, (‘iich ball being loose and turning with the object 
support(‘d. 

Ball Bearing Jack. — Si*(i “Jack.” 

Ball Check Valve. — See “ Valv(*.” 

Ball Cock.- -A st op-eoek operated by a hollow sphere or ball of UH'tal attached to the 
i*nd of a l(*ver which turns tin* stop cock of a water pipi* and regulatc's the supply 
of water. I'sed in eonerete work. 

Balling Furnace. — See “l^'urnjici*.” 

Balling Tool. — S<'e “'Pool.” 

Ball Iron. — See “Iron.” 

Ball Joint.— See “Joint.” 

Ball Valve. Sec* “Valve.” 

Baltimore Truss.— See “Truas.” 

Baluster. — \ small pillar or column, supiM>rting a rail, of various forms, usc'd in balus- 
trades or hand-rails. Also ealle<l “ spindles,” (/.r. 

Banded Granite. — See “( Irani! e.” 

B. and O. S:iine as “ Baeking-out Punch.” See “ Punch.” 

Band Pulley.— Set* “ Pulley.” 

Band Saw. — S(*e “Saw.” 

Bank Discount. — See “ Di.scount.” 

Bank Protection, -'riie prevention of erosion of a bank of a stn'am by the use of riprap, 
mattrr\sses, or othiT artificial means. 

Bank Sill. -See “Sill.” 

Bar. — Any pi(‘ce of wootl, metal, or solid inati'rial long in proportion to its cross-section. 
Also a barrier. An accumulation of sill, sand, or gravel, or a (lombination thereof 
which is <leposited in strc'ains and forms an obstruction then’in. 

Anchor Bar. — An eyc'-bar c'xtending from the shoe of a span or towc'r into the con- 
cn*te or masonry of tin* supporting pier or abutment for tin* purpose of holding 
down the* span that rests tlu’reon in ejuse that it be subjected to uplift. 

Arbitration Test Bar. — A form of small t«*st bar used for determining the quality 
of material going into a casting. 

Boring Bar. — A machine tool consisting of a special bar with cutters attached, used 
in a lathe or boring in:iehine. 

Bucking Bar. — The bar on a ring dolly which b(*ars against a rivc»t, so as to hold 
the head during driving. 

Capstan Bar. — Sec “Capstan.” 

Chisel Bar. — A heavy hand bar with a chisc'l edge on one end. 

Claw Bar. — A hand bar with a bent, claw-shaped point for drawing spikes from 
railway ties or sleepers. 
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Bar. 

Connecting Bar. — A bjir which joins two parts or two members. 

Corrugated Bar. — type of deformed bar used as reinforcement in concrete. The 
deformations consist of a series of ridges transverse to the axis of the bar, their 
function being to c^ngiige the salient portions of the aggregate. 

Crow Bar. — A hand bjir of steel with a slightly-bent, wedge-shaped end, which is 
sometimes forked. Used tis a pry or lever. 

Deformed bar. — ^A reinforcing bar rolled with projections on its surface to ensure 
a better bond in the concivtc in which it is placed. 

Dolly Bar. — ^A riveter's tool or bar, used to hold the h«'jul of the rivet against the 
metal and act as an anvil while the other head is being iiuulc*. by a hammer. 

Extension Bar. — ^A bar riveted to the end of a strut-channel, and projecting beyond 
it, to permit th(‘ passage of a pin. 

Eye-bar. — See Eye-bar.” 

Guide Bar.-- -One of the guides upon wliich the cross-head of an engine slides. Any 
bar used as a guide to a moving piece. 

Holding-on Bar. — A lever wliich is used to hold one head of a rivet against the 
impact of the hainmcT while tluj other head is being formed with a snap. 

Kahn Bar.— A type of ri'inforcing bar. Its special feature* is the shi'annl prongs 
which projc'ct from th(^ main stem at an angle of forty-five degrees, approximately, 
in order to tak(‘ care of the shear in the beam. 

Lacing Bar.— Any bar iiscxl in a syst(‘m of “Lacing,” qak 

Latch Bar. — ^The sliding bar in the locking mc'chanism of a draw span. 

Lattice Bar. — Any bar used in Latticing,” q.v. 

Lock Bar. — Sh(*et piling which is lock(*d together, and which can be pulled aftcT 
being used for fonns. 

Pick-up Bar. — A hand bar with two prongs riveted on one end; us(*d, after the 
concrete is poured, for picking up and shaking the reinforcing steel lying on the 
bottom of tin* form. 

Merchants Bar. — W'rought-iron bars in their finish(*d form ready for sale. 

Muck Bar. — The bar made by the first rolling of the bloom. 

Natural Bar. - -A bar of sand or gravel formed in a river bc;d by the usu.*d physical 
process of precipitation. 

Pinch Bar. — form of crowbar with a short, projc'ction like a heel, or fulcrum, at 
the end; uschI to pry forward h(*avy objects. 

Puddle Bar. — Same as '‘Muck Bar,” q.v. 

Reinforcing Bar. — A bar or rod placed in concrete constructions to increase their 
n3.sistance, especially to bending and shear. 

Sand Bar. — A deposit of sand in a river. 

Shackle Bar. — ^A bar used for pulling driftwood from a stream. 

Shaker Bar. — Same as “Pick-up Bar,” q,v. 

Splice Bar. — ^Tlic short bar used for making the joints in railroad mils. 

Spudding Bar. — A bar used to drill a hole through the overlying earth to rock, in 
onler to make an entrance for the rock drill. 

Switch Bar. — A bar which connc'cts the movable rails of a switch. 

Tamping Bar. — A bar used for tamping material. 

Tension Bar. — ^Any bar subjected to tension. 

Test Bar. — A sample bar used in testing the stremgth of a material. 

Tie Bar. — ^A bar connc*cting two ports of a structure. Also a bar used for connecting 
the two rails of a track. 

Z-Bar. — A rolled steel shape having a cross-section resembling the letter “Z” and 
all angles right angles. 

Barb Bolt.— S(hj “Bolt.” 

Bar Buster.— Sec “Buster.” 
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Bar Cutter. — Sec “Cutter.” 

Bar Dolly.— See “DoUy.“ 

Barge. — square-ended, flat-bottomed boat having capacity to carry bulky materials 
such as coal and rock. Uscxl for cre^ctmg spans by flotation. 

Machinery Barge. — barge which carries machinery; used in construction work. 

Barge Spike. — See “Spike.” 

Bar Iron. — Sec “Iron.” 

Bark. — ^Tho outside covering of trees. To remove the bark from a tree, log, or pile. 
To scrape. 

Bam-siding. — ^I’lanks that are iis(*il to cover the outside; of bams, sheds, etc. Generally 
boards from le inch to 1 inch thick, and up to 12 inches wide;. 

Barometer. — An instrument for measuring the weight or pre'ssure; of the; atmosphere. 

Bartizan. — A small tiiuret corbe'lled out at the angle' of a wall or tower to form a 
look-out.. Often useel in masonry or conen'te; bridge's over the pie*rs anel abutments 
to afford pe'de'strians a phice of re'fuge; or vantage' point for sightst;e'rs. 

Bascule. — \ moving span l.hat reitate's in a vertical plane about an axis that may be 
eithe'r fixe'el or movable'. 

Rolling Bascule. — A bascule; wliich retreats as it rises })y having a cylindrical surface 
roll on a plane. Jii some types both surface's are* toothc'd. 

Roller-bearing Bascule. — A type of bascule which has a fixeel axis of rotation anel 
which is support e'el on fric.tion rolle'rs to nnlueje; the; re'sistane;e; to turning. 

Trunnion Bascule. — A type of bascule; which is supporte;d by an axle or trunnions, 
about which it. rotate's without translation. 

Bascule Bridge. — See “ Bridge.” 

Bascule-leaf. — ^That portion of a bascule which actually revolves in a vertical 
plane. 

Bascule Span. — Se;e “Span.” 

Base. — ^That pe)rtion of any construction which re'sts on its natiural support, sue*h as 
the bottom of a jiior or j)e'ele'stal. It is gi'iierally e'nhu-ge'el as eiompare'd with 
the superimposed construction so as to redue;e; the intensity of the bearing 
pressure. 

Wheel Base. — ^The; space oe'cupie'el by a group of wheels sustaining a load. 

Base Casting. — Sex; “Cjisting.” 

Base Line.— Sex; “Lim'.” 

Base of RaU.— vSex; “Rail.” 

Base Plate. — Sex; “Plate;.” 

Basic Open-hearth Furnace. — See “Furnace.” 

Basic Open-hearth Steel. — See “Steel.” 

Basic Pig.— Sex; “Pig.” 

Basil. — ^The angle at the cutting edge of a te)ol or instrument. 

Basing. — A flnishexl projection around the bottom of a column located just above the 
ground lc;ve;l; similar to the baseboard of a room. 

Basket Crib.— See “Crib.” 

Bastard File.— See “File.” 

Bastard Granite. — Sec “Granite.” 

Bat. — ^A broken brick. 

Bat Bolt. — Sec “Bolt.” 

Bateau Bridge. — Sec “Bridge.” 

Bath-tray. — ^A tray, generally of zinc, used for washing blue prints in a water bath. 

Batten. — ^A strip or scantling of wood. A bar nailed across a group of parallel boards 
to hold them together. To tie down or fasten securely. 

Batten-door. — ^A door made of sheathing, secured by strips of boards, placed cross- 
ways, and attached with clinched nails. 

Batten Plate.— Sec “Plate.” 
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Batter. — To strike with repent «! blows. iVii itielim^ from the vertie-iil; sjiid of a wall 
having a face receding as it rises. To incline a face or line in masonry or any 
other construction. 

Frost Batter. — A forward inclination of the back fact' near the top of a wall, the 
object being (o allow the earth to lift upward und(T the action of fiost, and thus 
prevent an additional horizontal pressure at the top of the wall. 

Batter Brace. — S('e “Brace.” 

Battered Pier. — Sec “Pier.” 

Battered Pile. — Sec^ “ Pile.” 

Battering Ram. — See “ Ram.” 

Batter Pile. — See “ Pile.” 

Batter Post. — Same as “ Batter Brace,” 

Battery. — Pl generator of electricity by the action of cliemicals. 

Baulk. — Same as “Balk,” q.v, 

Bauschinger’s Experiments. — See Johnson’s “Materials of Construction/’ or Merri- 
man’s “Mechanics of Materials.” 

Bay. — The portion of a trestle bc'twcH'ii two columns. The English t(Tin for a panel 
of a truss. 

Bead Joint. — See “Joint.” 

Beam.— A member the principal function of which is to carry a transverse load. 

Bethlehem Beam. —A spiM'ial rolled bc^am having a thin web and wid(' flanges made 
in the Gray mill of four rolls. Manufa«*tuml by th(‘ Bt*thl(‘h«‘m Steel Company. 

Box Beam. — A hollow beam, generally rc^ctangular in sc'ction, having its sides madt; 
of plates united by angle-u’ons. 

Built Beam. — A beam made up of stmctural shapes, such as plate's and angh's, 
riveted together. 

Cantilever Beam. — A beam supiwrtc'd at one (*nd only. 

Collar Beam. — A horizontal timber stretching from one' to another of two rafters 
which meet at the top, and which ai*(' above* the* main ti(*-beam. 

Continuous Beam. — A beam that rrats on thn'c' or mon* sui)i)orts. 

Cross Beam. — ^A bc'am which runs transversely to the' centre line of a structure. 

Deck Beam. — A rollcnl shapes having a cro.ss-s(‘ction but with a slight enlarg(?- 

ment at the low(*r end of the .stem or web. 

Flitch Beam. — A <!ompound wooden beam strcmgtheiK'd with a “flitch plate,” qj). 

Footing Beam.- -The? t i('-beam of a roof. 

Hammer Beam. -A short beam atUichc*d to the foot of a principal rafter to act 
in place of a tie-beam. 

I-Beam.— A rolled structural shape having a cro.ss-section resembling the letter “1.” 

Joggle Beam. — A built-up Ix^am having a joggh', q.v, 

Lieading Beam. — A beam placi'd as a guide for other beam.s. 

Needle Beam. — A cross-beam supporting a load, usc'd in und(‘rpinning walls. 

Rolled Beam. — A metal beam made by a rolling pro(',ess. 

Simple Beam. — A beam having its «‘nds fnjc and resting on two supports only. 

T-Beam. — A reinforced concrete-beam or a rolled structural shape? having a cross- 
section resembling the letter “T.” 

Tension Beam. — A beam subjected to ten.sion as well as to cross-bending. 

Tie Beam. — A timber that sc'rvea as a tic betwee'n walls. 

Transverse Beam. — ^Any beam of a bridge that passes from one truss to an adjacent 
truss. 

Trussed Beam. — k beam braced by one or more vortical posts supported by inclined 
rods attachfxl to the ends of the beam. 

Beam Compassb — Sec “Compass.” 

Beam Hanger.— See “Hanger.” 
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Beam-hanger Nuts. — See “Nuta.” 

Beam-hanger Plate. — Sec “Plate.” 

Beam Span. — See “Span.” 

Beam-trussing Posts. — See “Post.” 

Beam-trussing Rods. — See “Rod.” 

Bearing. — ^The angular position of a line referred to a meridian. The support for a 
shaft, axle, or trunnion. Tlu*. shoes for a span. 'Fhe resistance to crushing as 
offered by a member. The iw'ssure transferred from one member to another. 
The capacity of a pile to carry load. The support for a beam, pin, bolt, or rivet. 

Allowable Bearing. — ^The maximum intensity of pressure on a sup]K)rt allowcxl by 
the specifications. 

Ball Bearing.-- Sw “Hall Ih'ariiig.” 

Centre Bearing. -A tcTin apf dic'd to swing spans to indicate that the dead load 
support is n(‘ar thc^ axis of the pivot picT instc^ml of nc»ar the periphery thereof. 

Even Bearing. — bearing in which the ])rrssure is unifonnly distribut(‘d. 

Expansion Bearing. — A su])])ort. at the* (‘iid of a span wIktc* provision is made for 
the t‘X|)ansion and eontraedion of the struetur(‘. 

Journal Bearing. — 'Hk' immediate support of an axle* or a shaft. 

Oil Bearing.- -A bearing having a rescTvoir for oil in its bjisc' and rings running l(K)sely 
over the joumal, or shaft, dipping into the oil, so that their rotation continuously 
carries the oil to the* journal and thus providc's (‘onstant lubrication. 

Pin Bearing.— A type of end support for a girder or a truss in which a pin is used 
to transfcT the load to thc» sho(\ 

Rim Bearing. - A tc'rm apidic'd to swing spans to indicate* that the dead load is 
supported hy a circular girdcT near the periphery of the pivot pitT instead of 
near its axis. 

Rocker Bearing. — A bearing, or support, for solitary tr(‘stl(* b(*nts or cantilever 
spans which permits of a slight rocking with the changing position of the live 
loiul and with variations of t<*mp<*rature. 

Roller Bearing. — A shoe or plate* re*st ing on rollers which in t urn mst on a base? casting 
at the »*xpansion enel of the* span. 

Sand Bearing. — A be*aring of confined sanel usenl for the purpose of lowering the 
object, that is te*mporarily suppe)rte*el. The lowe*ring is e*ffe*e*te*el by permitting 
the sand te) e*se'ai)e*. Also the* su{)port for the e!e)re* in a sanel mould for casting. 

Shaft Bearing. — A suppe)rt fe)r a reveilving shaft. 

Sliding Bearing. -A be*aring cemstructeHl so that one part sliele*s on anothe*r. 

Thrust Bearing. — A supiiort for a shaft adapte’el to take up the end thrust there^fiom. 

Bearing Pile. — »Se*e^ “ Pile.” 

Bearing Plate.— See “Plate .” 

Bearing Point. -The- point of support for a load or a place where concenlrate*d pre*ssurc 
is applic*d. 

Bearing Pressure. — Sen^ “Pn*ssure.” 

Bearing Stress. — See “Stn*sa.” 

Beater. —A bridgeman’s t(*rm for a maul. 

Becket. — A short i)ie*ce of n)pe* with a knot at one end and a loop, or e*ye, at. the other. 
A handle miule of a rope sling. An iron U-st rap fixed to a pulle*y block, so as to 
provide a le)op for attaching a rope. 

Becket Bend Knot. — Same* .us “Sheet Be*nd Knot.” Sec “Knot.” 

Becket Block. — Se*e “Blewk.” 

Becket Hitch.— A fisherman’s knot. Sec “Knot.” 

Bed. — A surfsice or body of rock, (*arth, or shale whie*h serv(*s as a foundation. The 
foundation piewe^ on which a machine rests. A laye'r of cement or mortar in which 
the stone is embedded. To place stone or brick in mortar. To embetl. To place 
a thing on its bearing. 
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Bed. 

Foundation Bed. — ^Thc earth or rock surface on which a construction rests. 

Key Bed. — In niachiiioiy, a rpctangular fotX)ve made to nnieive a key for the purpose 
of binding; the parts that are in contiict. 

Natural Bed. — The bed of a stone sis it lay in the quarry. 

Bed Frame. -See Frame.” 

Bed Joint.— See '‘Joint.” 

Bed Plate. -See "Plate.” 

Bed-rock. —The solid rock lying under loose detrital msusses, such sis sand or gravd. 

Bed Stone. — Se(^ "Stone*.” 

Beetle. -A heavy wooden inalli't usihI to drive wedgc's, also to consolidate eartL 

Belay. — ^'fo miik(^ fast around a bcdaying-piii, cleat, or (!avel. 

Belaying-pin. — A woodc^n or iron pin to which a rope is belayed or tied. 

Belgian Tank Locomotive. — St‘e " Ijoeomotivc*.” 

Bell.— 'rh(* large (*nd of a pipe or tube turiuHl out in the shape of a b(*ll. 

Bell and Hopper.-— A (‘barging device on top of a blast furnac(\ 

Bell Crank.— See "Crank.” 

Bellows. — An apparatus or box with flexible leathiT sides so arrangt'd by means of 
a valve that, it may be opened and eloscxl in suc(‘(‘ssion, th(*ri‘by producing a curn'iit 
of air. 

Belt.— A course of slon(\s or bricks projecting from a stnictun*, generally lying in a 
horizontal plane. Soiiiel ini(‘s ('uIUmI a "slon(M‘ing.” Also a flexible strip of leathiT, 
rubber, or any otli(‘r mat(*rial which passes around the* periphery of wlu*els, drums, 
etc. for transmitting motion from one to the other. 

Driving Belt. — .V band, rope, strap, or belt which transmits motion from one* machine 
to another, or from one part of the same machine to another part. 

Belt Course. — Sec* "('ourse.” 

Belted. — Driven by a belt. 

Belting . — The material from whicli belts are made. Also a gen(*ral term for a number 
of belts taken coll(*(!tiv(‘ly. 

Link Belting. — A belt, fcjr tla^ transmission of power, (‘om])(;s(‘d of a seri(‘s of detach- 
able links. 

Belt Saw. — Same as "Band Saw.” S('c "Saw.” 

Bench. — A tabk* upon whkdi mt'chaiiies do tlu*ir work; a ledge inadi* on the* edge of 
an earth cutting in order to strengthen it. 

Bench Dog. — See “ Dog.” 

Bench-mark. — A mark cut in a rock or located on some? permanent object to record 
the elevation at that place in a line of lev(*ls. 

Bench-table. — A low stone s(*at carried around a wall. 

Bench Vise.— See "Vis(*.” 

Bend. — A band or (;lamp of m(?tal used to strengthen a box or frame. TIki action of 
bending, or the state of being curved. 

Bending Moment.- -See "Moment.” 

Bending Slab.— Sec "Slab.” 

Bending Stress. — S(*c "Stre^ss.” 

Bending Test.--S(H? "Test.” 

Bends. — ^A pmmmatic caisson disease, due to the abnoiTnal air pn'asiire. It is a 
species of temporary paralysis. 

Bent. — A condition of b(!ing cui-ved or kinktHl. A supiK)rting frame consisting of posts 
or pile.s with bracing, caps, and .sills. 

Cluster Bent. — ^A b(*nt having a cluster of pih's driven at the pljic(\s of hciavy load 
conc(‘ntrations. 

Column Bent. — ^A bent composed of columns and bracing in contra-distinction to 
"pile bent.” 
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Bent. 

Framed Bent. — A bent composed of framed timbers. 

Pile Bent. — bent having pika for supporting posts. 

Rocker Bent. — A bent geiK'nilly of stcH‘1, though sometimes of timber, hinged at 
either one or both ends so as to provide for the exi)ansion and contraction of the 
span supported. 

Solitary Bent. — ^A single bent of a tnatle that is not attached to either adjacc^nt 
bent (^xcept by the gink^rs of the deck. 

Timber Bent. — Same as “Fraincnl Bent,” q.v. 

Trestle Bent. — In trestle construction, one of a series of bents carrying a deck. 

Bent Club Dolly.— See “ Dolly.” 

Bent-eye.— An ('ye on the end of a bar, the plants of which makes an angle with the 
dirc'ction of the bar. Forni('rly used in bridge's, but now abaiidoiu^d as unscientific. 

Bent Linked Chain. — S(^e '^('hain.” 

Bent Loop.— S('e “Ijoop.” 

Berm or Berme. — ^Thc portion of the supporting soil of an embankment lying between 
th(^ toe thereof and th(' sidcMlitch. 

Berm Stakes. — S('(? “Stakes.” 

Bessemer Furnace. — S('c “ k' urna(?('.” 

Bessemer Pig. -Sc'o “ l*ig.” 

Bessemer Process. — A process for making ste('l by tlu* dc'carburizat ion of crude pig 
iron by mi'ans of a finelj' divicknl air ciiiTent blown through the? mi'tal when in 
a moltc'ii state. NamcHl from its invi'ntor Sir IIi*nry Bessemer. 

Bessemer Steel. -S('(i “Stc'el.” 

Bethlehem Beam. — S('(j “Beam.” 

Bethlehem Column. -See “(Column.” 

Beton. — A mixtiu’e of linu', sand, and gravc'l forming a kind of conen'te. Sometimes 
used as a synonym for concrc'te. 

Beton-Coignet. — A mixture of I’ortland cc'im'nt, siliceous hydraulics lime*, and clean 
sand mixed togethc'r with fresh water. See “CVnu'nt.” Xami'd after its French 
inventor, a Monsic'r Coignet. 

Bettle.- -a hi*avy wooden rammer. A workmen's comiption of “Bcu'tle.” 

Bevel.— rh(? slope on the c'nd of a jiii'ce; an instrumc'iit for drawing angles — used by 
m(*(dianics. To s^ope or sliarix'ii an (xige. 

Beveled-edge. — An (*dge that is made thin by bevelling. 

Beveled* Gear. — Sc'e “Gear.” 

Beveled Gear Jack. — See “Jack.” 

Beveled Joint. — See “Joint.” 

Beveled Tie.— Sc'cj “Tk*.” 

Beveled Washers.— Se e “W iwhera.” 

Beveled Wheel.— Se e “Wlu'cl.” 

Bicalcic Silicate. — Sc'e “Silicate.” 

Bid. — ^To make a price on anything. A proposition, eitht'r verbal or written, for doing 
work. 

Unbalanced Bid. — \ bid in which some of the unit price's are abnormal, c'ither too 
high or too low, or generally both. 

Bight. — A loop of a rope in distinction from the ends; any bent part or turn of a rope 
between the ends. 

Billet. — A small bloom; a short., chunky bar of iron or steel. 

Bill of Material. — A list of the various portions of material for a construction, cither 
proposed or completed, giving dimensions and weights or other quantitative 
measurements. 

Bin. — h. place for storing materials, such as cement, sand, or broken stone. 

Cement Bin. — h. bin, usually at the cement inUls, in which cement is stored for aging. 
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Binder. — A substance that, will hold, or will bind together, different materials ()r the 
numerous parts of the sivine material, such as bitumen. This term is generally 
used in reference to pavements. 

Binder Course. -8c‘e “Coui-se.” 

Binding Joists. — See “Joists.” 

Binocular. — A dou!)le leh'seopo for the use of both eyes. 

Bird’s-mouth Joint. -^eo “Joint.” 

Bit. — A tool for boring into wood or metal. 

Bite of a Line. — The enclosed space bt‘tween the parts of a line which passes through 
a pullc*y-block or a hook. 

Bitt.— .V strong post of wooil or iron to wdiicli cables are made fast. 

Bitumen.— Any native mixtun? of hydro-caibons oxygenated, as naphtha, and especially 
asphalt. 

Bituminous Cement. — See “Cement.” 

Bituminous Concrete. — See “Concrc‘te. 

Black Lead. — See “Lead.” 

Black-lead Graphite.— -Same as “Graphite,” q.v. 

Blacksmith’s Forge.— Se e “1 org('.” 

Blackwall Hitch Knot. — See “Knot.” 

Blank Bolt.— See “Bolt.” 

Blast Furnace. — See “ Furnace.” 

Blast Pipe. — See “ Pipe.” 

Bled Ingot. — See “Ingot.” 

Blind Arch. — Scs* “Arch.” 

Blind Axle.— See “Axle.” 

Blind Header. — S(M' “ Header.” 

Blister. — ^"I"o raise* filmy vesicle's on a surface by heat. A small raised port ion of a metal 
surface with a voieJ beneath. 

Blister Steel.— See “Stee l.” 

Block.— Any obstruction or cause of obstruction; an oKstaedo. Any solid mass of 
matter usually with one or more plane face's; such as a block of we)oel, metal, stone, 
etc. A cejmbination of a frame with one or more* grooveel pulle*ys, or sheaves, he'lel 
therein; us(*el in conne'ctiem with ropes to multiidy foreu*. Also calle*!! “pulley- 
block.” To obstruct. To suppe^rt with Vdocks, as to block up. 

Balance Blocks. -Small bleieks useil on e*ounterwe'ights of lift spans to make; the final 
adjustmc'iit in ce)unterbalaneing the* span. 

Becket Block. — A hoisting bleick having a becke-t to which a rope may be attaeheel. 

Camber Blocks. — Blocks of wexnl or wenlges of st('e*l use*el eluring e*n*e;tion to give* 
camber to a span, anel so place*el :is to be? e*asily re*me)ve'd when swinging it. 

Cedar Block. — A paving block, usually rounel, made e)f cenlar. 

Chain Blocks.-^Se*e! “Chain Ble)e;k.s.” 

Chock-a-block. — The conditiem e)f a set of blocks anel tae;klc when the; blocks can 
go no closer togethe*r. (talk'd also “block anel block” anel “two ble)oks.” 

Chock Block. — A elewico for stopping the motion of the* trave*ling wheels of a portable 
machine. 

Differential Block. — A double block having sheave's of elifferent diameters. 

Double Block. -A pulley block having two sheaves. 

Fall Blocks. — Pulley-blocks used with ropes or “fall-line*s.” 

Foot Block. — A heavy casting which supports the must in a derrick, and permits of 
its turning. 

Gate Block. — Same; as “Snatch Block,” q.v. 

Gin Block. — ^A simple form of tackle block having a single wheel over which a rope 
runs. 

Guide Block. — Same as “Guide Bar.” See “Bar.” 
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Block, 

Hoififing Block. — ^The lower pulley block of the block and falls, carrying the hoisting 
hook. 

Hook Block. — pulley block fitted with a hook at one (*nd. 

Lead Blocks. — Blocks for guiding ropc>s or for holding them in a given position 
without impeding their motion. The blocks through which th(j k'ad lines run. 

Link Block. — A block in a steam engine attachc'd to a valve stem. 

Pedestal Block. — Same as ‘‘Base Casting;” sec “Casting.” Also a stone block to 
support a column. 

Pillow Block. — A type of journal bearing having a removable cap. Also callc'd 
a plummer block. 

Plummer Block. — Same as “Pillow Block,” q.v. 

Pulley Block. — A movable block or frame supporting and partially enclosing one 
or more groovcnl pulk'ys or sheaves. 

Purchase Block. — A doiibk'-strar.pc'd pulley block having two grooves in the shell. 

Quadruple Block. — A blo<;k (;ontaining four sheaves either arrangrKl side by side 
or in tandem fasliion. 

Running Block. — A movable block in a system of ta(‘kl(\s. 

Saucer Block. — A ciist iron or slec*l block dishc'd, or sauc(T shaped, in which a capstan 
or the bottom of a boom rests and turns around. 

Shoe Block. -A form of pulley block. Also same as “Biisc' Casting,” q.v. 

Shoulder Block. -A sheave* in a frame having a shoiild(*r to prewent the rope through 
the block from becoming jainined. 

Single Block. — X pulley block containing one sheave* emly. 

Sister Block. A block having two she'avc's, aiTange*el in tandem. 

Snatch Block. — A pulley block with one* side* capable of b(*ing ojx'ne d for the* insertion 
of a rope*. It is useel principally to change* the* elire*ction of a running line. 

Standing Block. — A pulle*y bloek fixe*d to some permanent su[)pe)rt. 

Tail Block. — An accessory pulley block having a rope* fjistened around the shell to 
take the* i)ljM*e* eif the usual be*cket. 

Triple Block. — block having a se*t of three* sheaves. 

Truss Block. — A beai-ing block of metal placexi betwc'en the truss rod and the strut 
of a trusse'el be*am. 

Block and Block. — ^'Flie c;e)nelition of the two bloe*ks in a tackle when elrawn uj) close 
toge*the*r. Also calle*el “Two Bloeks” anel “Che)ek-iv-block.” 

Block and Falls. — A se*t. ejf pulle*y ble)e*ks with he'inp rope*s e)r ste*e'l e*able s i-ove*n threnigh 
the*m; use*el for lioisting puiposes or for e*xe*rting a strong pull. Also calle*el “Block 
anel Tackle.” 

Block and Tackle. — Same us “ Block and Falls,” q.v. 

Block Brake. — St*e “Brake.” 

Blocking. --l^hc set of blocks which is place*d unde*r anything to raise and support it. 

Blocking Hammer. — Se»c “ Hamme*r.” 

Bloom.- -A roughly pre'pareel mass of iron or 8te*(*l ne*arly square in sect ion and com- 
paratively short in proportion to its thickness. 

Bloomated. — Msulc into blooms. 

Blooming Rolls. — Rolls in which puddle balls of iron or ste*el are* squeezed into 
blooms. 

Blow. — I'hat portion of the time occupied by a certain stage of a metalhu*gica1 process 
in which the blast is usihI. To explode. In caisson work the term blow ” refers 
to the letting of air out of the working chamber so that the caisson may drop. 

Blow Gun. — See “Gun.” 

Blow-hole. — ^A defect in iron or steel caused by the escape of gas or air while 
solidifying. 

Blowing of Mortar.— See “Mortar.” 



1910 


BRIDGE ENGINEERING 


Chapter LXXX 


Blow-out. — "riio iiKX'hanisni for blowing inaiorial through a pipe or tube. The bursting 
of forms, or shi'lls, holding matorial, such as concrete. TIio sudden escape of air 
from a caisson. 

Dry Blow-out. — A in-oci'ss for removing sand or mud from the working chamb(T 
of a pneumatic caisson by the pressure of air on the matcTiiil pil(Hl around the 
mouth of the discharge pipe, no water hiding adde<l nor sump used. 

Wet Blow-out. — A })i*ocess of blowing material from the working chamber of a caisson 
by wetting it, and phicing it at the mouth of the discharge pipe. 

Blow Pipe.— Sec “Pipe.” 

Blue Print.— St'o “Print.” 

Blue Printing. — A method of photo-printing by using paper sensitizeil with ferro- 
prussiate of potash. 

Blue Print Paper. --See “Pai)er.” 

Blue-short Iron.- -See “Iron.” 

Blue-shortness.— A condition of brittleness in wTought iron caust'd by its having been 
worked at a blue heat. 

Blunt Pile.— Se(i “File.” 

Board-measure. — ^The standard measure for limber, th(' unit. Ix'ing a piece one foot 
squan^ and one inch thick. '’Fimber is sold at so uiuch i>er thousaml feet board 
measure usuall}’ wriltcm “per M.B.M.” 

Boasted Dressing.— St‘e “Dressing.” 

Boasting. —A mason’s i)rocess of dressing the surfac*; of a stone with a broad chis<'l 
and mallet. 

Boat Bridge. -Same as “ Pontoon Bridge*.” S(*e “ Bridge.” 

Boat Hook. -See “Hook.” 

Boat Knot. — S<*e “Knot.” 

Boat Ratchet. —See “ Katch(*t.” 

Boat Spike. — See “Spike.” 

Bogie. — A small truck, or carriage, running crosswise* of a saw-mill carriages to shift, 
the lejg at right. aiigl(\s te) its le'iigth wdien e>n the* main caiTiage. 

Bog Iron. — See “Irem.” 

Boil. — ^"Fo bubble uj) or be* in a state ejf e*bullition through the actie)n eif lie*at. A whirl 
or vorte'x in a stream. 

Boiler. — A vessed or re'ce*pt acle* in whiedi any liepiiel is be)ile^el. 

Locomotive Boiler. — A form of ste*am boiler in which the fir(*-be)x is e*e)nne*ctiHl by a 
number of flue*s with the smoke box under the chimne*y. 

BoUer Plate.— See “Plate*.” 

Boiler Steel. — Sejc “Ste*e*l.” 

Boiling Test.— See “Test.” 

Bollman Truss.— Seei “Tniss.” 

Bolster. — A perforate'el wejexlen block upon which sheet metal is place'el to be puncheel. 
A sleevevb(*aring through which a spindle* pjisse*s. A bar pla(H*d acniss the; inidellc 
of a car truejk to support the? bexly. In steme sawing, one of the; loe)se we)exle*n 
blocks against which the ends of the; fxile; e)f the* saw ri*st.s. One* of the; transve*rse 
pieces of an aredi ce;ntcTing. A timber or thick iron i)lato place*el be*twcen the 
end of a bridge* anel it..s .se*at on the abutment. 

Corbel Bolsters. — Be)lst(*rs made; in the form of (;e»rbe*ls. Prejje*cting bolste!rs. 

Bolt. — A cylinelrical je*t, as that of water. A metallic pin or rexl having a heiwl at one 
enel and a thre;fMl on the other for screwing up a nut. Used for holding members 
or parts of Tne*mb(!rs toge»ther. 

Anchor Bolt. — A round, stee*l bolt embexldcxl in concrete or masonry to hold elown 
machine*ry, castings, shoes, spans, engine bcxls, e*tc. 

Assembling Bolt. — ^A thrcadexl bolt for holding togethr;r temporarily the several parts 
of a structure during rivc;ting. 
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Bolt. 

Barb Bolt. — bolt having jagged edges so as to prevent its being withdrawn from 
the object into which it is drivc^n. Also called a rag bolt. 

Bat Bolt. — A bolt barbed or jagged at the butt, or tang, to give it a firmer hold. 

Blank Bolt. — A bolt having a fixed head, but no tiirosuls nor nuts. 

Brohard Expansion Bolt. — A bolt with a screw aitachna'iit and a screwed collar over 
it. This bolt is used in concrete aft^T hanloning. A hole is driven, the collar 
inscTtcd, and tluiri the bolt is senwed in. 

Clinch Bolt. — iS, bolt with one of it« ends designed to be bent over to prevent with- 
drawal. 

Construction Bolt. — ^A common st<M»l boll. us(*d temporarily during construction; such 
as a bolt to hold forms logc'ther. 

Cotter Bolt. — Same as “Colter Pin,” r/.e. 

Countersunk Bolt. -A bolt having its head bcwc*l(Hl and flaltc^nt'd, so that when put 
into place llu* saiil head will not pnjjf*ct from th(‘ surface. 

Drift Bolt. - A short rod or scjiian' bar lo drive* into holi*s bored in timber for attach- 
ing luljacenl. sli(‘ks to (‘ach oth(*r or to pilt*s. 'Fhe length g(*n(*rally vari('s from one 
foot t(» two feet.. A drift holt inaj' or may not b(* i)rovided with a he.*id or with 
a sharp<*n<‘d (*nd. 

Expansion Bolt. — Any bolt similar to the “Brohard hApaiision Holt,” q.i\ 

Eye Bolt. - A bolt, having a looj) or eye at one end in place of the* customai'y flat 
heiul. 

Fish Bolt. — A b(»ll for se'curing a fish joint. 

Fitting-up Bolt. - An ordinary bolt used to hold sti*t‘l in(*mbei‘s together while the 
same* are* being rive*te‘d. 

Floor Bolt. A beilt use*el in the^ cemstruetiem of a fle)e)r. 

Fox Bolt. m:ise)nry bolt having e*itlu*r a he'ad or a thre'ad anel nut at one e'nd 
anel a split wit h insc*rte*d we’dge at the* e)the*r. Afte*r the bolt , with the* wedge* inserted 
in the* split, is plae*e’d in the? hole it is drive*n down so ius to sj)reml the enel; the*n 
it is grout (*el in. 

Grip of a Bolt. — ^^Fhe* le'ngth of a threaelenl bedt nu*asurf*el fre)ni insiele of the* he*jwl to 
insiele* e)f the* nut wlie*n the latteT is se*re*wc'el on far e*nougli lo proviele* full thre*.*ul. 

Hacked Bolt. — .V bolt. whie*h has be*en iie)te*,he*ei with a hate*he*t to use as a fox boll. 

Hook Bolt. -\ bedt having one* e*nel in the feirm e)f a hook. 

Joint Bolt.- A bolt joining enie tindM*r te) another in a “T” form. 

Key Bolt. — Same* jus “Ceitte*r Pin.” See “Pin.” 

Lewis Bolt. — \ we*elge*-shai)e*el-e*nele»el bolt inse*rte*el like the sluink of a le*wis in a 
hole* elrille*d in a ste)ne* jinel fiusteiiiHi the*re*in by pe)uring nielt.eel le*iul into the un- 
occupie*el part. e)f the hole*. An e've-bedt. similjvrly inscTti'el siiul usihI like a le*wis 
fen* lifting he*:iviiig ste)ne*s. See “Le*wis.” 

Lug Bolt. — A rounel bedt to whie*li is w’e*lele*d a fiat irem bjir. 

Machine Bolt . — A lhre*juleHl bolt, having a straight shank anel a sepiare* or hexjigonjil 
sh:ipe*d he*iiel. 

Packing Bolt. — A bolt whie*li bedels together the si'vi*ral pjirls e>f ji ce)mi)osite meinbe'r. 

Rag Bolt. — Same jus “ Hjirb Bolt,” q.u. 

Ring Bolt.- -Same* as “Eye^ Bedt,” q.r. 

Screw Bolt. — A bolt liaving ji seiuiuv he*jiel for turning with ji wre*nch and a wood 
se*.re*w e)n the* e)pposit.e* e*iiel fe)r e*nte'ring wexHl. A form of hig se*ivw. 

Skinned Bolt.- -A bolt from which the IIuvjmIs luive* be*e*n strippe*el. 

Standing Bolt. — Sjime jus “Stuel Bedt,” q.r. 

Stay Bolt. — A thre*jiele*el nxl or bolt binding toge^ther opposite pljit.e*s to eiuible* tlie'in 
to sustjiin eaedi othe*r against opposing pressure, as the stjiy bolt, in ji boiU*r. 

Stove Bolt. — A small bolt having a rounded head, notched for a screw driver, at one 
end and a squaro nut at the other. 
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Bolt. 

Strap Bolt. — Same as “ Lug Bolt,” q.v. 

Stringer Bolt. — bolt used to connect parallel wooden stringers that are laid sido 
by side, a washer or separator being placed betwec'n each pair of stringers thus 
connectetl in order to let the air circulate between them and prevent decay. 
Usualb" these stringers arc bolted together for the purpose of forming one membitr, 
or a composite stringer. 

Stud Bolt. — A bolt with a thread cut at esveh end in order to be seniwed into a fixed 
part at one (*nd, heaving the other end projecting so as to rc'ceive a nut. 

Sway Bolt. — A bolt which fastcais the sway bnicing to othcT tinib(*i*s. 

Swedge Bolt. — .\ bolt having a thmul and hexagonal nut at one end and elliptical 
recesses at the other, used by some railways instesul of fox bolts. 

Tap Bolt.— bolt which is screwed into the material which it holds instead of being 
screwed by a nut. Also called a tap screw. 

Through Bolt. — ^A bolt which i)iisses from side to side of the members which it 
fastens. 

Tie Bolt. — \ round bolt with a square shank and lip for hooking ties to the flanges 
of stringers. 

Timber Bolt. — Any bolt used in connecting timbers. 

Toggle Bolt. — A bolt conn«'cting the parts of a toggle. 

Track Bolt. — A bolt used for connecting railway rails through splice bars. It has 
an elliptical shank and a hex:igonal nut. Oftt^n a square head is user]. 

Turned Bolt. — A machine bolt, ordinarily with hi^xagonal he^ul, turned down so that 
when put in place it Inis a driving fit. 

U-Bolt. — A rod bent in the shape of the letter U with threads and nuts on the 
ends. 

Bolt Eye.— Sec “Eye.” 

Bolt Head.— Sev 

Bonanza Tile.— See ‘‘Tile.” 

Bond. — Anything that binds, fastems, or holds together pieces of material, a^ the 
connection of one stone to another. A certificate of ownershiy) of a specificMl portion 
of a capital debt duo by a government, a city, a railroad, or other corporation, to 
individual holdem, and usually bearing a fixed rate of interest. Also an electrical 
connection, such sus a bar of copper wire soldered to two track rails n(»ar th(‘ir 
junction. Also the inanneT of laying bricks or masonry stone's. A giuirantoc. 

Chain Bond. — A bond forme'd by binding a chain, a bar, or a h(;avy scantling into 
masonty. 

Cross Bond. — A masoniy lionel in which a course ejoinjiexsed e>f sIre'tcheTs, e'xcept at 
the enels whe're he*ad(}rs are* used, is covercel by a course in which headers alternate 
with stretchers. 

English Bond. — Same as “Old English Bond,” q.v. 

Flemish Bond. — bond consisting of a hejielcr altc'mating with a stratche'r in e'uch 
course, but so plaead that the outer cnel of each he>ade;r lies on the middle of a 
stretcher in the cejurse below. 

Header and Stretcher Bond. — A form of masonry bond cemsisting of hetiders and 
stretchers alternating in the same* row. 

Heart Bond. — A masonry bemel in which two heiulers in opposite facets of a wall 
rne'ct in the mieldle e)f the? wall, anel have another he*ader to ceive'r the joint be*twcH'n 
thf?m. 

Old English Bond. — A mase)nry bone! formed by laying alt.emat(*ly entira ejourses 
of heade*rs or strc?tche*rH. Se)rnetimes, though, only one? course of headers is laid 
for every two or three coiirs(?s of stretchers. 

Random Bond. — A bond in which the stones or bricks are not laid in regular courses 
at all. 
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Bond. 

Reticulated Bond. — A form of masonry bond in which the stones are square and are 
laid lozenKcwise, so that the joints resemble the meshes of a net. 

Row Lock Bond. — A bond iii an arch of concentric rings, formed by laying the bricks 
in ea(;h ring as stretchers leaving only the mortar to unite the several rings. 

Bond Resistance. — See Resistance.*' 

Bond Stress. — See “Stress.” 

Boning. — A method uschI by carpenters and masons to determine whether a surface; 
is in or out of wind. It consists in pUicing two similar straight cnlgc's on the surface, 
parallel to «'ach other, and sigliting ov(T their upper edges to see if they coincide. 
If they do not, the surface; is in wind. 

Bonnet. — cap over the end of a pipe. A cast-iron plate boltcfl down as a covering 
over an opc^ning. 

Boom. — A long bc^am or spar projecting from ncMir the foot of a d('rrick, and sustaining 
tin; lo:ul that is raised from its outer end. In l^higland the t(‘nn is used as a 
synonym for a chord of *a truss. 

Chicago Boom. — An er(‘ctor*s hoisting apparatus, consisting of a timber or stetd 
boom, without a mast, having a goostMUK^k casting on thc^ lower (*nd working in 
a saucer block on a t(‘m|)onu‘y sill, and held in position by blocks and tackle 
att.ach('d to oth(T parts of th(» structun*. 

Derrick Boom. — ^The long member in a derrick which supports the load at its outer 
end. 

Boom Brace. — A tjuikle extending from the emd of th(» boom to the; top of the mjist 
in a fh'rrick. The trussing placeil bedow or at the sides of th(‘ boom to strt'iigthen it. 

Boom Guy. — A line, cable, or mljustable nsl fiistencnl to the middle' of a derrick boom 
and ('xtending to the* bull-wluMd to which it is attached so sis to act as a brsice. 

Boom Iron. — A edrcular iron ring on the end of a mast of a dcirick. 

Boom-out. -The position of the boom at its gn'sitest reach. 

Boom-seat. — ^The place in a derrick where the boom and the msust meet and I’est on the 
sill. 

Boom Tackle. — See “Tiicklc'.” 

Bore. — ^To make a hok' in any iiuit<*ri*il by cutting away a psirt of it. To drill. The 
calibn;, or internal disimet-er, of si hole, tube, or Jiipc'. 

Boring. — Any hole that, hsus bc'cn bored, sindi sis a boring for si pier foundsition. 

Core Boring. — A boring msule by si core-ilrill by means of whicdi samples of the 
matc'rial psissed thnsugh, in the shsipe of si cylii.iler or core, su*e brought to the 
surfsice for inspection. 

Wash Boring. — A })oring msuh' by a churn drill by means of whisdi samples of the 
msitc'risil penetrated, in grsinular fonn, arc washed to the surface by a flow of watt;r. 

Boring Bar.— Sim; “Bar.” 

Boring Casing. — See ^‘Casing.” 

Boring Machine. — A insichine usshI for boring hok s. 

Chord Boring Machine. — A boring macdiine used in bridge shops for boring pin-holes 
in chords. 

Wood Boring Machine. — ^An apparatus, gencTally run by air, for boring hok’s in 
timbers. 

Boring Mill.— Bee “Mill.” 

Borrow-pit. — An excavation msule by the removsil of msiterial, spccisilly for use in 
filling or in building sin embsinkment. 

Bosh. — ^A rough sketch, an outline, or a figiu^?. A trough in which bloomcry tools are 
cooled. 

Boss. — enlarged part of a shaft on which a whecd is keyed. A wooilen vessel used 
by plasterers for holding mortar. A foreman or sub-foreman. One who dirtHSts 
work. 
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Boston Rod. — Soo “Hod.” 

Bottom Chord. -S(m‘ “Chord.” 

Bottom Lateral Bracing. — iSch* “ Bracing.” 

Bottom Laterals. -SanK* as “liO\v(T Laterals.” See “Laterals.” 

Bow. — An arch of masonry, iis in the gatow'ay of a bridge. A flexible strip which can 
be b(‘n(. to an}' devsired cuiwc', or an arcograph used in drafting. 

Bowline and a Bight. — A knot forming a loop iiuule with a bowline on a bight of a 
impe. 

Bowline Knot. — See “Knot.” 

Bowstring Girder. — See “dirder.” 

Bowstring Truss. — Sen* “Truss.” 

Box. — A cap that covem tht» top of a pump. A om^picce bearing, or support, for a 
shaft or jouiTial. A casing about a valve. To form into a box or the shape of 
a box. 

Coupling Box. — ^"i^he box or ring of int^tid connecting the contiguous (‘iids of two 
kmgths of shafting. 

Driving Box. — The journal box of a driving axle. 

Journal Box. — A oii(»-pic‘ce box or bearing for supporting a journal. 

Mortar Box. — A box in which mortar is inixcnl. 

Oil Box. — A box attached to c(‘rlain tyiK^s of bearings for holding waste satunited 
with oil. 

Packing Box. — Sana* ius “Stuffing Box,” 

Resistance Box. — A box containing resistance coils. 

Roller Box. — An iron or st(H*l box holding rollers for a bridge* shoe. 

Shafting Box. — .V on(*-piece type* of bearing for shafting, having a base and bolt 
holes for bolting to a supix)rt. 

Stuffing Box. '-A d(*vice for s(*ciiring a st(*am-tight, air-tight, or watc*r-tight joint 
about a movable rod. It consists of two parts or glands held tog(*fher by bolts 
and so arranged that packing of s<jme kind can be ins(*rt(‘d b(*twe(*n the* glands 
and compress('d, by means of tightening the nuts on the bolls, against the movable 
rod. 

Tool Box. — A box for liolding tools, generally provided with a liandle in the cc'iitre 
for convenience; in carrying it about. 

Box Beam. — »See “Jkain.” 

Box Column. — See “('olumn.” 

Box Culvert. — S(*e “Culvert.” 

Box-drain. -T-Kaine as “ Box Culvert,” g.v. 

Box Girder. — See “Girder.” 

Box Strut.— See “Stmt.” 

Brace. — Generally a strut sup))orting or fixing in position another memb(*r. Some- 
times the term is applif'fl to a tie u.s<*d for such a purjMWc. The; perman(*nt part 
of a small tool uscmI for boring. 

Batter Brace. — ^^Fhc inclimsl end post of a tmss, sometiim's called the “Batter Post.” 

Boom Brace. — See “ Boom.” 

Knee Brace. — Same as “Knee,” g.v. 

Tension Brace. — A brace which rcvji.sts tension. 

Braced. — Strengthc;ned or well interlaced and linked together by bracing. 

Braced Arch. — Sec “.Vreh.” 

Bracer. — A brace*. 

Bracing. — A 8yst(;m of braces, as in lateral systems. 

Bottom Lateral Bracing. — Ijuteral bracing in the; plane of the bottom chords of a 
tm.ss. 

Cross Bracing. — Same as “X Bracing,” g,v. 

Diagonal Bracing. — ^Bracing along diagonal linens. 
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Bracing. 

Horizontal Bracing. — ^Bracing lying in a horizontal plane. 

Horizontal Sway Bracing. — Sway bracing in a horizont al plane. 

Ladder Bracing. — Bracing consisting of struts only. 

Lateral Bracing. — system of tension or compression members, or both, forming 
the web of a horizontal truss connecting the homologous chords of the opposite 
trusses of a span. 

Longitudinal Bracing. — Bracing extending Icmgthwise of the structure, or parallel 
to its c(*iitrc? lin(\ 

Lower Lateral Bracing. — Same as '‘Bottom Lateral Bracing,” q.v. 

Overhead Bracing. — ^The uppcT Lit end or the vortical sway bracing in through 
bridges, '^fhe term is usually applic^d to the vcTtical sway bracing, if th(*ni be 
any; if not, to the upper lateral bracing. 

Portal Bracing. — ^The combination of struts and tii*s in the plane of the* end posts 
at a portal whicth lielps to transfcT the wind i^ressure from the upper lateral system 
to th(i pier or abutmcait. 

Side Bracing. — The bracing on the* suh^s of falsework, of a timber trestle, or of a 
pony-t russ bridge. 

Stringer Bracing. — Diagonal brswing in the plane of the upper flanges of the stringc'rs. 

Sway Bracing. — Bracang transverse to th(‘ plaints of the trusses; usi‘d to resist wind 
pressure* and to prevent undue vibration. 

Top Lateral Bracing. — Lat(*ral bracing in the plane of the top chords. 

Tower Bracing. — Bracing attacli(*d to the posts of towem. 

Traction Bracing. — iSame as “Train-thrust Bracing,” f/.c. 

Train-thrust Bracing. — Bracing in the ])lan(* of th(' bottom latt'rals which transfers 
the thrust of a braked train from the stringers to the* truss(*s. 

Transverse Bracing. — Bracing which is pc'i-pimdicular (or but slightly inclined) to 
the centn? line of the structure*. 

Upper Lateral Bracing. —Same as “'Fo]) I^ateral Bracing,” q.v. 

Vertical Bracing. — Wind bracing lying in a ve'rtical plain*, such as s\vay bracing 

Wind Bracing. — J3racing w'hich tak(*s up the stress(*s induct*d by the wind. 

X-Bracing. — Any system of bracing in wdiich the iliagonals intersect. 

Bracing Frame. — A frame* of st(*<d or timb(*r built in a nianne*r to withstanel distortion. 

Bracket. — knee, or kn(*e brace*, connecting a jwst or baiter brace to an ove*rhead 
strut. 

Cantilever Bracket. — \ bracket eaiiiile'veml out from anothi*r membe'r. 

Corner Bracket. — .A ste*e*l bracket rigidly attachcil in a re-entrant conie*r of a stnictiu*e. 

Bracket Crab. Se*e “('rab.” 

Brad Awl.— Si*e* “Awl.” 

Bragger. — Same as “C^irbel,” q.v. 

Brake. — A me*chanical ele*vie*e* feir aiTe*sting or re*tareling the motion of :i mae*hine or 
ve*hiclc by me*ans of friction, 'lo n*tard or stop motion by the* a])plic*ation of a 
brake*. 

Air Brake. — X syst.e*m of braking mechanism ope'catenl by compressed air. 

Block Brake. — ^A brake usi*d in re*larding a moving part by pn*ssun; fre)m a stationary 
block. 

Friction Brake. — Same as “Prony Fric?tion Bnike,” q.v. 

Prony Friction Brake. — \ brake used for ]iu*asuriiig the ('ffeHStivc i)Ower developeei 
by an engine or turbine. 

Solenoid Brake. — \ combination of a solenenel and a movable iron core which is 
drawn into tluj hi*lix whe*n the electric ciuTi'nt is flowing, thereby actuating the 
brake mechanism. 

Braked-train. — X train in motion with the brakes set and the steam shut off. 

Brake Horsepower. — See “Horsepower.” 
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Brake Wheel.— See “Wheel.” 

Brass. — ^Aii important alloy consisting of copper and zinc. The detachable part of 
a bearing in immediate contact with the shaft or journal. 

Journal Brass. — One of the piece's, usually of bniss, which fits up against the journal 
in a journal box. 

Braze. — ^l''o covct with brass. To soldeT with a special hard solder. 

Breach. —A break, as a breach of contract, or a breach in an embankment. 

Breaking Joint. — See “Joint.” 

Breaking Load. — See “Load.” 

Break in Grade. — Sw “Grade.” 

Breaking Stress. — See “Stress.” 

Break Joint. — See ‘Moint.” 

Breakwater. — Any structure, such as a mole, mound, wall, or sunken hulk, to break 
the force of wave's and prot eet harbors. 

Breast Plate. — A plate on a tool for the* operator to pw'ss against, such as the brt'iist 
plate on a hand drill. 

Breast-summer. — A bc'am of wood, iron, or stone sup)>ort ing a wall over a door or other 
opening; a kind of lintel. Called alsi> Bressummer and Brestsummer. 

Breast Wall.— See 

Brick. — A kind of artificial stone mjwle of moist cikmI and fitu^ly kiu'aded clay moldc'd 
into rectangular blocks and hanlened by burning in a kiln. 

Carborundum Brick. — A brick of carborundum with serrated (‘dges made in an eh'ctric 
funiace and list'd for smoothing or |)olishing. 

Cement Brick. — A bri<;k made out of cement and sand. 

Ciinker Brick. — Brick that forms the tops and sides of the archt's in a brick-kiln 
and consequently is directly t'xposetl.to the fire. Being ovtTburntHl and partially 
vitrified, clinker bricks are hard, brittle, and wt'ak. 

Compass Brick. — brick having one edge shorter than the other, list'd in lining 
shafts, t'tc. 

Concave Brick. — brick of special form wdth curvt'd sides anti nulial t'lids ust'd in 
making archt's. 

Dutch Brick. — A dirty-looking, brim.stone brick ust'tl for paving yards and stabk's. 

Facing Brick. — Brick suitable for the extt'rior of constructions wlu're a neat finish 
is requirt'tl. 

Feather-edge Brick. — Same as “Compiuss Brick,” </./». Also callt'd “voiisstiir brick.” 

Fire Brick. —A brick made of pun; clay (or pure clay with a clean sand) to rt'sist 
high tompt'ratun's. 

Flemish Brick. —A species of hartl yelltiw brick used for paving. 

Hand Brick.- -A scrubbing brif;k for hand operation. 

Pale Brick. — Cnder-bumed brick anti, thert'fort', lightt'r in coltir than the fully-bunied 
brick. 

Paving Brick. — Any hartl brick usetl in paving. 

Pressed Brick. — A brit;k mouldt'tl fnwn dry or st'mMlry clay and presst'd in a macJiine 
until it is vt'ry hard and smooth. 

Sewer Brick. — Ordinary hard brick, smooth and n;gular in form, siiita'olo for sewt'r 
construction. 

Slop Brick. — An old-time brick made by depositing pudtlltHl clay in moulds and 
smoothing off the top with a wet stick run ovt'r the tMlges of the mould. 

Vitrified Brick. — A glaztxl brick, motlc by fusing a silicious compound. 

Bricklayer's Hammer. — Sec “Hammer.” 

Brick Masonry. — Sec; “ Masonry.” 

Brick Pier.- -Sc't; “Pier.” 

Bridge. — ^A structure that spans a bexly of water, a valley, or a road and affords passage 
for pedestrians, or vchickni of all kinds, or any combination thereof. 
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Bridge. 

Arch Bridge. — curved structure which produces reactions inclined to the vertical. 

Bascule Bridge. — ^A bridge having a span that opens by rotating in a vertical plane. 

Bateau Bridge. — A floating bridge supportexi by boats or barges. A pontoon bridge. 

Boat Bridge. — Same as “Bateau Bridge,” q.v. 

Cantilever Bridge. — K structure at leiist one {)ortion of which acts as an anchorage 
for sustaining anothcT portion which projects beyond the supporting pier. 

Chain Bridge. — ^A suspension bridge in which chains arc cniploycxl instead of the 
usual cablf^s. 

Combination Bridge. — ^A bridge constnicted of timbers and steel or iron. 

Combined Bridge. — ^A bridge which carru^s both railway and highway traffic. 

Deck Bridge. — ^A bridge in whi(*b th(i passing loads are carried directly to the upper 
chonls or to the upper portions of the jiosts. 

Draw Bridge. — K bridge lliat may be drawn or turnc^d to one side, or lifted up, either 
bodily or in s(‘ct ions, so as to jierrnit boats to pass undcT or through it. 

Fixed Bridge. — One that does not inovc^ except for i^xpansion and contraction 

Folding Bridge. — Same, as a “Jack-knife Bridge,” q.v. 

Foot Bridge. —A bridge for foot pass*»ngers only. 

Frame Bridge. — A bridge const ructcxl of sticks of timber framcHl together. 

Girder Bridge. — A bridge? composed of plate? or lattice? girders. 

Hanging Bridge. — Same as “Siisi)e*nsiem Bridge*,” q.v. 

High Bridge. — A bridge? oveT navigable? water having ample clearance be?neath it to 
peTmit the? peussage of all vessed traffic without moving a span or any portion of one. 

Highway Bridge. — A bridge* that carrie*s highway traffic only. 

Hinge Lift Bridge.— A lift brielge* which has its ends hinged together wlu*n down. 

Hoist Bridge. — Same jis “ Lift Brielge*,” q.v, 

I-Beam Bridge. — A small bridge* consisting of a floor support e*d on I-be*ams. 

Jack-knife Bridge. — A brielge in which the lifting arms fold on themselves at mid- 
lengtli whe*n in a raisenl position. 

Lattice Bridge. — ^A bridge having rive'ttxl trusses with multiple intersectie)n we*b 
systi'ms. 

Leaf Bridge. — K form of draw bridge? in which the? rising leaf, or leaves, swdng vertically 
on hinge*s. 

Leg Bridge. — A brielge re*sting on le*gs, formenl by a elownward e*xtension of the? e*nd 
pe)sts, inst(*:vd of msisonry abutme*nts. 

Lever Draw Bridge. — A elraw’ brielge ope*rated by iiie*ans of a le*ver. 

Lift Bridge. — A type? of movable bridge which travels in a vertical plane, sometimes 
calle*el a lioist brielge. 

Lifting Bridge. — Same ius “IJft Brielge,” q.v. 

Low Bridge. — A bridge over navigable water so low that some ve'ssels cannot go 
beneath it without an opening jKissage being proviele*el in the strue*fure?. 

Motor Bridge. — K draw bridge operateel by a motor, e)r a brielge? which carrii's motor 
cars. 

Movable Bridge. — A bridge with a “Movable Span.” Se?e “Span.” 

Pile Bridge. — A bridge e?on8i8ting of pile bent^ anel timber caps, s1ringc*rs and bracing. 

Pontoon Bridge. — A platform or roadway supiwrtcd on ponte)ons or barges. A 
floating bridge. 

Pull-back Draw Bridge. — K movable span which retreats longitudinally to allow the 
passage of vessels. 

Railway Bridge. — ^A brielge which carries railway traffic. 

Revolving Draw Bridge. — ^A draw bridge which turns in a horizontal plane. 

Rolling Draw Bridge. — Same as “Ihill-back Draw Bridge,” q.v. 

Rolling Lift Bridge. — A bascule bridge in which the moving arm rolls on a plane 
or upon friction rollers. 
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Bridge. 

Rope Bridge. — A susponsioii bridge in which ropes arc used for cables. 

Skew Bridge. — A bridge in which the horizontal lines joining corresponding end- 
pins of the opposite trusses an^ oblique to the planes of the said trusses. 

Stiffened Suspension Bridge. — A suspc^nsioii bridge with stiffening trusses. 

Stone Bridge. — bridge built of stones laid in mort ar. 

Suspension Bridge. — A ro:ulway suspendiMl from chain or wir(3 cables, usually hung 
between miissive towera of injusonry and swurely attached to abutments. Also 
calk'll a wire bridge. 

Swing Bridge or Swivel Bridge. — A span that rotates about a vertical axis, so as to 
proviih^ opi'iiings for the p:issage of vessc'ls. 

Through Bridge.-— A bridge' with overhemi bracing and carrying its floor neiu* the 
elevation of the' bottom chorels. 

Trestle Bridge.— A bridge composed of bents or towe'rs canying tlui deck. May be 
of eithe'r timbe'r or me*tal. 

Truss Bridge. — A brielge mjwle' up of truss spans. 

Tubular Arch Bridge. — A brielge in whiedi the i)rimary supporting me'mbe*i*s are aichexl 
tubes. 

Tubular Bridge. — A platf'-girde*r strue?tmx' coveml with me'tal e*onst rue;t ion on top 
and bottom, forming a be)xe‘el space thnaigh which the* traffic passe*s. 

Turning Bridge.- -Same as ‘‘Swing Brielge',” qj\ 

Vertical Lift Bridge. — A })ridge' having a spaii that hoists ve'rtically. 

Wagon Bridge. — Same as “Highway Bridge*,” q,i\ 

Bridge Guard. — Se'e “Guard.” 

Bridge-seat. — That part of the to]) of a brielge pier or abutnie'iit that rece*ive‘s dire*eitly 
the peile'stals or shoe's of the superstructure. 

Bridge Tape.-- Se'e^ “Tape*.” 

Bridge Truss. — Se'o “IVuss.” 

Bridging.- -A pie*ce of wood placeel be*tw^e'C'n anel attacluHl to twe) be'ains, or othe*!' pie'eu'S, 
in order to preve*nt the*ni from approaching e*ach other. It also means the spanning 
of anj' opening. 

Bridging Joists. — Se*e “Joists.” 

Bridging Stone. — See “Stone.” 

Briggs Logarithm. -Se*e “ liOgarithm.” 

Briquette. — A stanelarel shapeel form or block made* of cf'inent or of mixed e!e»me*nt 
and sand; usc*d fe^r te*sting the te*nsile stri*ngth e)f the* ne'at ce*me'nt e)r e)f the* mortar. 

Cemenir Briquette. — A briepiette maile of ceme*nt and wate*r for te'sting the? te*nsilej 
strength of the? cemf*nt. 

Neat Briquette. — Same jls “Cement Brique'tte*,” q.v. 

Sand Briquette. — A bri(pif*tte? made? of sanel and i;e‘me*nt mortar. 

Briquette Clips. — Sf*e “(flips.” 

Briquette Mould. — Se?e “ Me)ulel.” 

Bristol-board. — A high quality of cjilende*ml canlboanl iise'd for fine drawings, printing, 
etc. 

Brittle-zone.-— Tn nicke'l stoe?! te'sting, the stiigo bc?tween certain infe*rie)r and superior 
limits for pr*rce?ntage of nicke'l in the? allejy whe*re? the? me*lal Ls brittle, anel both 
below and above which it is not. 

Broach. — X boring bit or tapering tool for f*nlarging and smoothing holes. A reamer. 
Also a narrow-pointe'd chisc'l for dre?S8ing stone. 

Broached Dressing. — Se?e “ Dressing.” 

Broad Axe. — Sec “Ax or Axe.” 

Brohard Expansion Bolt. — Sec “Bolt.” 

Broken Ashlar. — Sec “Ashlar.” 

Broken Ashlar Masonry. — See “ Masonry.* 
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Broken Axed. — A form of stone dressing. Sch; “Dressing.” 

Broken Axed Dressing. — Sc»e “ Dressing.” 

Broken Coursed Rubble.— >S(Mi “Rubble.” 

Broken Line. — See “Lin(\” 

Broken Ranged Rubble.— See. “Rubble .” 

Broken Range Masonry. — See “Masomy.” 

Broken Stone. — S(»e “Stone.” 

Broken Stone Concrete. — Sc^e “Concrete.” 

Broken Top Chord. — S('e “Chonl.” 

Bronze. — A reddisli-bi-own alloy of eoppcT and tin, sometimes containing small portions 
of oth(T metals. Used in bridg(;\vork for journal or pivot bearings and for name- 
plates. 

Bronze Steel. — See “Steel.” 

Brooming. -TIk' bn^aking up undtT hammering of either the hi»ad or the point of a 
tinilxT pilti and redu(;ing it to a fibrnus mass. 

Brushes. — riie copper win's, jdates, or carbon connections which make contact with 
lh(' commutaLor on a dynamo or motor and serve to take off the ek'ctric curn'iit. 

Bubble. — ^'Fhe vc'sicki of air or gtis in the glass spirit-tube of a mechanic's or surveyor's 
level. A blister on a steel sui*face. 

Buck. — ^To n'sist. To afford resistance'. To press against a rivet-hi'iid with a dolly 
during driving. 

Buck Brace. Same' as “Cross Framt'.” See' “I*>amei.” 

Bucker-up. — One' who he)lds a eleilly-bar on the* heael of a rive't whiles it is be'ing 
drive'll. 

Bucket. -A ve*sse*l feir elrawing up wate'r or mate*rials, as from a we'll. One of the scoops 
of a divelging machine*. In ge*ne*ral te'rms, any e'e)ntrivane',e use*d feir carrying 
mate'rials in hoisting. 

Clam Shell Bucket. — A dre'dging bucke*t e'ompeise'd e)f two e'urveel le'aves hingcnl 
about a point at tlie*ir teip anel so arrange*el as to ope*u eir shut at the will of the 
op(*rator. 

Collapsing Bucket. — A bue*ke*t whiedi can be* niiule to elreip its burelen by foleling or 
e'ollapsing. 

Grab Bucket. — Any drexlge bu(!ket that eipems up and grabs its loading. 

Orange Peel Bucket. — .V dre'dging bucke*t eompeise'el of feiur curve*el anel tape'renl 
pu'e'i's, hinge'el at their tops anel se) aiTangesl that wh(*n cle)seHl tln‘y form a large 
cup fejr carrying materials. Wlu’n e)pe'ne*el te) tlu'ir full e'xle'iit, four t«)oth-Uke 
])re)ngs are pn*.s('nte*el for digging into the mate'rial. Tjoaeling Is coinplete'el by closing 
up the* four ])rongs eir le*ave*s. 

Bucket Dredge. — »Se'c “Dre'elge.” 

Bucket Hole.- -The* hole or shaft in which a bucket travels. 

Bucket Pump. — Se'c “ Pump.” 

Buckle. — ^To bend in a lateral dirc'ction by a longiiuelinal pre*ssure. 

Buckle Plate. — Se'o “ Plat.e.” 

Buckle Plate Floor. — Seej “Flenir.” 

Buckle Plate Press. — Sec “Pre'ss.” 

Buckling Stress. — St'c “Stre'ss.” 

Buffer. — ^^\ny apparatus for ele'aele'ning the concussion between a moving body and 
anotlu'r boely against which it strike's. 

Hydraulic Buffer. — ^^Vn automatic device; for che'e'king re'e;e)il by means of wate'r or 
other liepiiel feirced under high pre'ssure thnnigh a small ape'rture or aperture's. 

Buggy. — A small wagon used for transporting material such as rock. The carriage 
on which a trave'ling crane rests. 

Timber Buggy. — A compact frame mounted on a single roller, used for transporting 
heavy sticks of timber. 
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Build. — ^Tho iTitannor of constnirtioii. Tho form of anytliinf?. To fnwne, consiniot., 
or oroct. ''Fho ]ioi;;ht of :i cut. in«*isoiiry siono or it.H riso, used in contradistinction 
to its bid, as a '‘build joint” or a joint in a vertical plane. 

Builder’s Hoist. -See “Hoist.” 

Builder’s Knot.— S(m^ “Knot.” 

Built Beam. — See* “Beam.” 

Built Channel. — Sec "Channel.” 

Built Girder. — Sec “Girder.” 

BuUt Pile.-- Sec “Pile.” 

Bulb Angle. — See “Angle.” 

Bulk. — ^Thc body of a substance. A painter’s term applicxl to pigment to signify the 
total volume thereof plus the voids. 

Bulkhead. — ^A partition built in a tunnel or conduit to prevent the passage of air, 
water, or mud, or in a form for concrete. 

Bull-dog. — Calcinid tap cindcT from puddling furnaces. 

Bulldozer. — A machine in which angles ore bent in small circular arcs by pressure 
between two supports. 

Bull Gang. — See “Gang.” 

Bull Press.— Same :is “Gag Press.” See “Press.” 

Bull Riveter. — Sex? “Riveter.” 

BuU Wheel.— See “Wheel.” 

Bull Wheel Derrick.— See “Derrick.” 

Bull Wheel Pile Driver.— Sec “Pile Driver.” 

Bunker. — A bin used for storing purposcjs, such as the storing of coal or any other 
loose material. 

Buoy. — A float fixed at a certain place to show the position of any object beneath the 
water’s surface. 

Buoyancy.— The upwaid pressure exertcnl upon a body by the fluid in which it is 
immersed. It is equal in amount to the weight of th(5 water displaccMl. 

Centre of Buoyancy. — ^The centre of gravity of the water displaced by any wholly 
or partially submerged body. 

Buoyant Effort. — Same as “Buoyancy,” q.v. 

Buried Pier. — Sch^ “Pier.” 

Burlap. — A coarse, heavy cloth or mat made from jute, flax, hemp, or manila fibres. 

Burning Steel. — See “Steel.” 

Burnish. — ^To polish by rubbing; applied chiefly to metals. 

Burnt Ste^l.— Sc(? “Steel.” 

Burr. — X partially vitrifi(Ml brick; a (jlinker. A protuberance or raised portion of an 
object. A nut with a screw-thread. The rough projecting wlgci of a drilled hole 
in steelwork. 

Riveting Burr. — A washer upon which a rivet-head is sw:igcd down. 

Burr Truss. — See “Truss.” 

Bush. — ^A perforated box or tube of metal fittid into cc^rtain parts of machinery. To 
dress stone, or the manner of dressing it.. 

Bushel. — A unit of dry measure; containing 2,150.42 cubic inches. 

Bush Hammer. — Sf‘c “Hammer.” 

Bush-Hammered Dressing. — See “Dressing.” 

Bushing. — Same as “Bush,” q.v, 

Buster. — ^A machine for cutting off the heads of rivets; also the edged tool which does 
the cutting. 

Bar Buster. — ^A rivet cutter on the end of a bar. 

Bust Hammer. — Sec “ Hammer.” 

Butt. — ^To strike by thrusting; to join at the end. The thick, large, or blunt end of 
a timber or pile. The square end of a connecting rod. 
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Butt-end. — Same as “Butt,” q.v. 

Butt Joint. — See “Joint.” 

Butt Riveting. — See “Riveting.” 

Butt Spiice. — See “Splice.” 

Butt Strap. — Sec “Strap.” 

Butt Weid.— See “Weld.” 

Button Head. — See “Head.” 

Button-headed Spike. — See “Spike.” 

Button Set. — See “Set.” 

Buttress. — A short cross-wall built against the main wall to increase ite stability. 

Flying Buttress. — A support in the form of a scgmi^nt of an arch springing from a 
solid muss of m;isonry. 

Butty Gang. — Sec “Gang.” 

Buzz Saw.— See “Saw.” 

By-pass. — An extra pipe passing around a valves or chamber to equalize pr(»ssurc or to 
prevent a complete stoppage of the flow of the fluid. 

By-product. — K secondjiry or additional pnKluct from any manufacturing procc'ss. 

By-wash. — K channel cut to convey the surplus water from a reservoir or aqueduct, 
for the purpose of preventing overflow. 

C 

Cable. — .V hc^avy rope, chain, or twisttnl wirii rope. An aerial or underground conductor 
of electricity with iiisulafing covering. TIkj suspending jwrtions of a suspension 
bridge*. 

Chain Cable. — A very heavy link(*d chain usc'd in place of a stetd wire cable in bridge- 
work. 

Storm Cable. — ^An (‘xtra strong cable uschI to give additional strength or anchorage 
during seven* wind-storms. 

Suspender Cable. — A hanger cable in a sus{K*nsion bridges for supporting th(^ floor 
system. 

Suspension Cable. — One; of the cables forming iha support of tin*, floor of a suspension 
bri(lg(*. 

Wire Cable. — A cablc^ of heavy wire, or of numerous small wires twLstc'd togetlu*r. 

Cable Clamp. — S(m* “Clamp.” 

Cable Clip.— See “Clip.” 

Cable Hoist. — Sec “Hoist.” 

Cable Splice. — S(*e “Splice.” 

Cable- way. — An underground passage carrying a cable or cables. 

Cage. — A framework to confine a ball valve within a C(»rtain range of motion. A win? 
guani pliUHHl in front of a suction opening to tdlow licpiids to (*nter, but to pn*vent 
the passage of solids of objectionable size. A skeleton framework of any kind 
surrounding any object. 

Caisson. — ^A sunken panel in a coffered ceiling. A watertight box or casing used in 
founding and building stnietures in water too d(H*p for (joffenlams. 

Open Caisson. — A crib and coffenlain open to the air and sunk by dr(*dging within 
the crib. 

Pneumatic Caisson. — A bottomless box or caisson, sunnount(*d by a crib or shaft, 
into which air is pump(*d so as to drive out the water 'Uid thus permit, workmen 
to enter for the ])urpose of excavating the bottom and sinking the nniss to tin* 
roquired d(*pth. 

Caisson-disease. — Sana? as “Bf?nds,” q.i\ 

Calculated Horsepower. — Same as “Commercial Horsepower.” Sec “Horsepower.” 

Calculation Paper. — See “Paper.” 
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Caliber. — ^Tho innor diamotor or boro of any tube. 

Caliper. — An instrument, consist inp; of two adjustable moving parts, which is used to 
measure th(' outsidt' or inside diameter of a cylindrical body. 

Inside Caliper. — A calipcT for measuring any inside diameter. 

Micrometer Caliper. — A caliper having a micrometcT screw. 

Outside Caliper. — .\ caliper for me:isuring the outside diameter of a cylinder or tube. 

Vernier Caliper. — A stc^el ealipcT with a vtTnier at tnchinent which rea<ls to thousandths 
of an inch. 

Caliper Compass. —A eali^xT made similar* to a drawing eom)):uss or dividers with 
curved legs for measuring insidt^ and outsitle diametc'i*. 

Caliper Gauge. — A tool or standard for mea.suring with great accuracy. 

Caliper Rule. — An outside caliper foriiMHl by a ruli* having a graduatcxl slide at one 
end. 

Caliper Square. — A rule carrying two cross-lu'iuls, one of which is adjustwl slightly 
by a nut, the other being movable along the rul(‘. 

Calk, or Caulk. — 'Fo drive oakum or similar substaiKH^s into steams of box<*s, boats, 
barges, caissons, etc., in ord(T to kcH'p out the watcT. Also to copy a map by 
tracing. 

Calked Rivet.- -See Rivet.’* 

Calking-butt. -An op('n-end joint betweem planks in the* side of a timber box or caisson. 

Calking-iron. — .V dull idiistd for calking cofferdams and caissons. 

Calking Mallet.- Se(‘ Mallet.” 

Calking Metal. —See Metal.” 

Calking Nail.— See “Nail.** 

Calking Tool.— StM Tool.** 

Calyx Core Drill. —See Drill.** 

Cam. — An eeeentric; a piece* fixe<l upon a revolving shaft in such a mann(*r as to pro- 
duce a reciprocating motion in a member making contac;t with it.. Also calletl a 
wiper. 

Heart Cam. —A form of cam-wh(‘(’l used for converting uniform rotary motion into 
uniform reciprocating motion. 

Camb. — Same as ‘‘Cam,’* fj.r. 

Camber. — ''rin* upward curvature of aspiin abovfj its nominal i)osition. 

Camber Blocks. —See ” Blocks.** 

Cambering Machine. — \ machine us(jd for bending beams to a curve in a vertical plane. 

Camber Jack. — See “Jack.** 

Camber-alip. — A slightly curved guide and support of wood used as centering in laying 
straight archc*s of brick. 

Camel-back Top Chord. — S(m? “Chord.** 

Camel-back Truss.- See “Truss.” 

Cam Shaft.— See “Shaft.** 

Canal. — An artificial watc*rway for navigation. A duct. 

Cancellation. — A syst(*m or arrangement of th(? w<;b m(»mbers in a truss. 

Double Cancellation. — 'rhcj arrangement of the wf;b niembf*rs of a tniss having two 
completf; syst(*m.s of diagonals. 

Multiple Cancellation. — ^The arrangement of the web membejs of a tniss having 
more than two complete systems of disigonals. 

Single Cancellation. — ^^Fhe arrang(*riient of the web membc*rs of a t niss having only 
one complete system of diagonals. 

Triple Cancellation. — ^"I’he arrang(;mc*ni of tin; web rn(*inbers of a truss having thn**; 
s«»parate systems of diagonals. 

Candle-power. — ^Thc; standard unit of luiniiHiiis intensity ccpial to that given by the; 
burning of a standard spcnnaccti candle at the rate of one hundred and twenty 
grains per hour. 
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Candle- wicking. — ^Wicks for candles; used sometinK's for calking purposes. 

Cant. — ^To turn over anything. 'I'he luKik on a cant-liook for rolling timbers. To set 
at an angle; to tilt from a horizontal line. 

Cant Dog. — Same as “Cant Hook.” S<hj “Hook.” 

Cant Hook.— See “Hook.” 

Cantilever. — A bracki*t of stone, metal, or wood projecting from a supported beam 
or wall. Also see Canlihwer Bridge^, under “Bridges.” 

Deck Cantilever. — A cantilever bridge in which the traffic is borne by a floor system 
supportcsl by the top (jhords or thc^ upper portion of the posts. 

Through Cantilever.- A cjintileviT bridge; in which the traffic passes between the 
trussc's, in contra-distinction to a deck cantilever where it passes above the top 
chords. 

Cantilever-arch Truss. — Sts; “Truss.” 

Cantilever-arm. — ^TIk; pn^ji'cting aim in a cantilever bridge. 

('antilever Beam. — Stn; “Beam.” 

Cantilever Bracket. — Sec “Bracket.” 

Cantilever Bridge. — See “Bridge*.” 

('antilever Crane. — S(‘e “Crane.” 

Cantilever Truss.-— See “Truss.” 

('anvas Hose. - >Sc(; “Hose.” 

Cap. — A cov<‘i*ing of int‘tal or of tarrc'd canvas at the end of a rope to prevent fraying. 
The up|)(»r part of a journal box. The terminal section of a pipe having a plug 
at the 1*11(1. A horizontal tiinb(*r beam n*sting on and joining the* heads of a row 
of pil(*s or tiinbei*s. I'lie (op of a column. The* part comu'cting a pump-rod with 
th(* working b(*ain. Also a container for an explosive; used in blasting. To cap 
or to cover. 

Double (.'ap. — A cap set v(*rtically on the* top of another. 

False Cap. — A ca|) on a column below (Ik* (rut* cap. Also a construction to make 
an intermediate portion of a structure look like the top. 

Falsework Cap. — Any cap us(*d in fals(*work. 

Hand-rail Cap. — TIk* upiier horizontal ineinb(*r or m(*mbers of a hand-rail. 

Pedestal ('ap. -A block of stone* or concrete placed on top of a footing to carry 
a loaded column. 

Percus.sion Cap. — A small copper cap, or cup, containing fulminating powder which 
explodes when st ruck a sharp blow. 

Pile ('ap. — An iron casting shaped to fit over the head of a pile, and having a conical 
r('C(*ss on top to carry a tough w(^)d('n blo(;k which rc'ceives (Ik* blows of the 
hamnK*r. Jaws are provided on the .sid(*s of (Ik* cap to (*ngage the l(*ads. The 
function of the caj) is to distribute the blow of the hammer and to prevent the 
brooming of the i)il(* lK*ad. Also a timber cap across a row of piles. 

Trestle Cap. — ^The upp(*r horizontal bc'am in the timber framing supporting the deck 
of a trestle bridge. 

Cape Chisel. — See “Chisel.” 

Capital. —Tilt; upper part of a column, pilastc'r, or pier. The money value s(*t on the 
jiroperty or :uss(*ts involv(*d in a business enterprise. 

Capitalized Cost. — S(*c “Cost.” 

Capitalized Value. — Same as “Present Worth,” q.o. 

Cap Piece. — K rectangular timber covering the top of a row of squarcnl t.imber 
posts. 

Capping. — ^A g(*nerdl teim for a seri('s of caps in a stnicture. Putting a timb(T cap 
on a row of piles. 

Cap Plate.— Bee “Plate.” 

Cap Screw. — Scki “Screw.” 

(^ap Sill.— See “Sill.” 
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Capstan. — ^An apparatus working on the principle of the wl eel and axle, used for raising 
weights or applying power. 

Barrel of a Capstan. — ^That part of a capstan around which the rope or cable is wound. 

Chinese Capstan. — A differential windlass with its axis vertical, used for hoisting 
or hauling. 

Differential Capstan. — capstan operated by differential gears. 

Pawls of a Capstan. — ^The stops on the bottom of a capstan to prevesnt backward 
* motion. 

Power Capstan. — A capstan in which cog-wheels are used to multiply the force and 
reduce the speed. 

Capstan Bar. — One of the levei-s by which a capstan is turned. 

Capstan Head. — Sihj “Head.” 

Capstone. — ^Thc uppermost or finishing stone of a masonry structure. 

Car. — A conveyance or rcc(»ptacl(» running upon rails. 

Derrick Car. — A railrojul car upon which a derrick is mounted. 

Dump Car. — ^A truck car having a body pivoted so that it can be turned partly over 
when emptying. 

Erection Car. — A car specially fitted vrith a derrick and accessoric^s, used for the 
erection of bridges. 

Hand Car. — A small flat-car mounted on four whi'els suitabk^ for railway track 
and operated by handpower, used for carr>'ing me^n and equipment for small 
repairs. 

Locomotive Car. — A locomotive and railroad carritigi' combined in on(*. 

Pneumatic Car. — A cju* running on rails and driven by coiii[)n'ssed air motors. 

Carbon Steel.— See “St(H»l.” 

Carborundum. — A combination of silica and Ciurbon made in an dt^ctric furnace, used 
in place of emery as an abrasive material. 

Carborundum Brick. — See “Brick.” 

Carpenter’s Level. — See “Level.” 

Carpenter’s Line. —ScM? “Linc\” 

Carriage. — Any part of a machine that carrira another part-. A drain. The timber 
frame which supports the steps of a wooden stair. 

Wheel Carriage. — "Phe frame or box holding the bearing wheels of a draw-span. 

Carrick Bend Knot. — See “Knot.” 

Case-hardened Steel. — See “Steel.” 

Case-hardening. — Converting the outer surface of iron into steel by heating while 
in contact with chai'coal. 

Case Steel.-nSee “Stwl.” 

Casing. — A vrooden tunnel for the powder-hose in blasting. The outside pipe which 
is used in making borings. A covering. 

Boring Casing. — A wroiight-iron pipe from 2^ inches to 3 inches or more in diameter 
placed outside of the cliurn pipe, used in drilling tcist holes for pitT foundations. 

Timber Casing. — ^Timber sheathing usc‘d on tin* outsider of caissons. 

Cast. — ^To make a casting out of molten metal. A small brass funnel at the end of 
a mould for casting pipes. 

Caster Wheel. — See “Wheel.” 

Cast Gear.— See “Gear.” 

Casting. — ^'Phe act or f)roccss of founding. That which has been cast by pouring molten 
metal into a mould. 

Base Casting. — A steed or iron casting upon which tluj bridge-shoe rests. 

Cer taring Casting. — A casting used to bring a movable span to exact position 
when seated. 

Chair Casting. — A casting usikI to support the end of a rail. 

Chilled Castings. — Castings which ore rapidly cooled during solidification. 
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Cast Iron. — Soo “Iron.” 

Malleable Cast “Iron.”--Soo “Iron.” 

Cast-iron Pipe. — Sco “Pipe.” 

Cast Steel.— Sec “Steel.” 

Crucible Cast Stecl.~^ee “Steel.” 

Catch. — ^Any mechanical contrivance used for stopping, checking, or preventing motion. 

Catch-basin. — A reservoir placcnl at the outer end of a sewer connection to intercept 
the flow of water in a gutter. 

Catch-drain. — Same as “Catch-water,” q.u. 

Catchment Area. — Same as “Drainage Area,” q.o. 

Catch-water. — A channel or drain running along sloping ground or pavement to catch 
and carry away tlu^ water. 

Catch- work. — Same iis “cat(!h-water,” q,v. 

Catenary. —A curves foriiuHl hy a flexible, inextensible cord or chain of uniform weight 
per unit of length, hung at two points and supporting its own weight alone. 

Inverted Catenary. — A curve formed by reversing the position of an ordinary catenary 
so as to make it conv(‘x upward. 

Transformed Catenary. — A curve formed by an increasing or decreasing of all tho 
ordinat(\s of a common catxmary according to a given ratio. 

Catenary Arch.— “Arch.” 

Cat’s-paw Knot. — S(^(^ “Knot.” 

Cattle Guard.— vSee “Guard.” 

Causeway. — A raised footway or roiul. 

Caustic Lime. — Se(j “Lime.” 

Cedar Block.— vSee “Block.” 

Cell. — A unit of an (Oc'clrie battery consisting of two plates of different substances, 
usually zinc and carbon, immersed in an exciting li(]uid held in a jar, so as to set 
up an electric current. 

Cement. — ^^Vny comirosition which at one tempc'ratiirc? or one degi’ec of moisture is 
plastic, and at another condition of tc'mpt^rature or moisture is tenacious. A 
mortiu* which hardens. To unit*' by cement. 

Activity of Cement. — TIk* tiim* recpiirc'd for a cement to pass from its initial set to 
its final or hard s*'t lus determinc'd by the Vicat Needle. 

Bituminous Cement. — A cc'ment. or mastic in wliich bitumen, usually in the form 
of :i.s])halt, is the ehu'f ingn'dient. 

Boiling Test of Cement. — S<'e “ Boiling Test.” 

Dry Process in Cement Manufacture. — ^The process of making Portland cement 
by mixing the ingri'dieiits dry and then burning them into a clinker. 

Final Set of Cement.— -See “Set.” 

. Grappiers Cement. — A (lemc'nt made in France from particles which have escaped 
disintegration in Mh? maniifacturo of hydraulic lime. 

Hard Set of Cement. — Same as “Final Set.” Si'o “Set.” 

Hydraulic Cement. — A cement which sc'ts or hardens under water. There are three 
common kinds: Portlanil, natural, and Pozzuolana. 

Initial Set of Cement.— Sec “Set.” 

Laitance of Cement. — ^^Phat portion of a hydraulic cement which escape's from concrete 
that is placed under water and which floats on the surface. It is injurious to 
concrete', and should be removed. Its fonnation in large quantities indicates 
a defect in the method of dc'fxisiting the concrete. 

Liatier Cement. — Same as “Slag Cement,” q.v. 

Natural Cement. — Formerly a pulverized stone which, without having heat applied, 
acquired the property of hardening under water. The term is now applied to a 
cement made from natural rock (containing the recpiired constituents in approxi- 
mately uniform proportions) by calcining and grinding. 
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Cement. 

Neat Cement. — ^Piire comont. without, the addition of sand, Rravol, or rock. 

Parker’s Cement. — A name ustnl in lOngland for natural, or Roman cement. 

Portland Cement. -A cu'inent obtaincnl by finely pulverizing clinkc^ra produced by 
burning to seiiii>fiisinn an intimate artificial mixture of finc^ly ground calcareous 
and argillac(*oiis materials, this mixlurci consisting approximately of three parts 
of lime eai'bonato to one pat^t of silica, alumina, and iron oxide. 

Pozzuolana Cement. — A truc^ natural cement Tnade from volcanic ash and slaked 
lime. Tlie name is derived from Pozzuoli, Italy, where it was first iniide in large 
quantitic's. In this country bliisi-fumace shig is substiiutcxl for the volcanic ash 
and the product is called “Puzzolan Cement.” 

Quick-setting Cement. — A cement that sets between five minutes and thirty minuUns 
after mixing. 

Roman Cement. — \ natural cement of about the same cliaracteristics as the Rosen- 
dale, supposcxl to have been used by the early Romans. 

Rosendale Cement. — A hydraulic, natural cement that is light, (piiek-setting, and 
has an ultimate tensile strength of about onc'-half that of Portland cement. It 
comes from Ros(*ndale, X. Y. The term has been improperly applies! as a synonym 
for natural cement. 

Rust Cement. — Iron turnings treat ( hI with acid and used to bed metal plates. Not 
permissible in good engineering practice'. 

Sand Cement. — A mechanical mixtun' of Portland ce'inent and sand ground together 
so as to produce a ve'rj* fine powdc'r. Its ordy raison d'etre is cheapnc'ss, as it is 
not as strong as good Portland cement. 

Silica Cement. — Same as ^‘Sand (Vment,” q.v. 

Slag Cement. — Same as ‘‘Pozzuolana CeiiK'nt,” q.r. 

Slapped Cement. - -Cement mortar thrown against a structure, as us(‘d in rough- 
casting a hous(‘. 

Slow-setting Cement. - -A ci'ment that sets in from one to eight hours. 

Soundness of Cement. -A t(*rm dt'iioting freedom from I'xpanding, contrac.ting, 
cracking, or cht'cking in setting of cement. 

Wet Process. — A method in the manufiicture of cement in whicli the' ingrc'dients 
are mixed together with an ample amount of water, then dric'd, burned intt) clinkc'rs, 
and ground. 

Cementation. — ^I'he process of converting wrought-iron into steel while' lie*ating it. in e;on- 
tact w'ith chare'eml. The' act of ce'incnting; the act of uniting by adhesive substanceis. 

Cement Bin. — See “Bin.” 

Cement Brick. — See “Brick.” 

Cement Brfquette. — See “Briqiie'tte',” 

Cemented Steel. — Se'e? “Steed.” 

Cement Finish. --See “Finish.” 

Cement Floor. — See “Fkjor.” 

Cement Gun. — See “Gun.” 

Cementing Furnace. — Sec “ Furnace.” 

Cement Kiln.— See “Kiln.” 

Cement Mill.— See “Mill.” 

Cement Mortar. — Scmj “ Mortar.” 

Cement Mould. — See “Mould.” 

Cement Needle. — Sec “ Necxlle.” 

Cement Pile. — Same as “Concrete Pile.” See “Pile.” 

Cement Stone. — Se;e “Stone.” 

Cement Testing Machine. — An apparatus for testing the strength of cement — generally 
for determining the tensile strength, but occasionally for finding the resistance to 
compression. 
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Centering;. — See “Arch Centre.” 

Centering Casting. — See “Casting.” 

Centre. — ^The middle or reference point of an object. 

Meta-centre. — Sec “Meta-centre.” 

Centre Bearing. — See “Bearing.” 

Centre-bearing Draw. — See “Draw.” 

Centre-bearing Turntable. — See “Turntable.” 

Centre Drai.~Soe “Drill.” 

Centre Line. — See “Line.” 

Centre of Buoyancy. — Scq “Buoyancy.” 

Centre of Displacement. — Same as “Centre of Buoyancy,” q.v. 

Centre of Gravity. — See “Gravity.” 

Centre of Gyration. — See “Gyration.” 

Centre of Inertia. — Sec; “In(;rtia.” 

Centre of Magnitude. — ^^rhat iK)int in a body wliich is eipially distant from all the 
similar extcTiiai parl,s of it. 

Centre of Mass. — See “ Mass.” 

Centre of Moments. — S(‘e “Moments.” 

Centre of Motion. — Same jis “(Centre of Rotation,” q.v. 

Centre of Percussion. — Sec; “ Percussion.” 

Centre of Perspective. — See “Pei-spective.” 

Centre of Pressure. — Sec; “ Pressure.” 

Centre of Resistance. — See “ ReBistanc;c. 

Centre of Rotation.— Scm; “Rotation.” 

Centre of Stress. — S(*e “Stress.” 

Centre of Symmetry. — Sec “Symmetry.” 

Centre Pin. — Seci “Pin.” 

Centre Punch.— See; “Punch.” 

Centre Valve.— S('e “Valve.” 

Centrifugal Force. — Sec* “ Force.” 

Centrifugal Load. — Sec; “Tjoad.” 

Centrifugal Pump. — Sen; “ I’ump.’ 

Centrifugal Stress. — Sec; “Stress. 

Centripetal Force. — See “ l'or(;e.” 

Centripetal Stress. — See “Stivss.” 

Centroid. -Hu; c;c»nlre of iiuiss, or ocmtrc; of gravity. The point, of ^implication of the 
r(\sultant of a systcMii of strc'ssc's or f(mrc;c\s. 

Chain. — coniu'ctod seric»s of links of mc'tal serving the purpojj of a band, cord, rope, 
cable, or iiu\‘i.suring line. To tie or fastem with a chain. 

Bent-linked Chain. -A coil (;hain in whic;h the* links arc; bit or bemt.. 

Coil Chain. —A st raight^linkcxl chain, in whic;h the links an; in the shape of two 
l('ttc‘i*s U joiiMHl at, their tops. 

Curb Chain. — Any chain used as a check u}K)n the motion of any moving piece or 
apparatus. * 

Endless Chain. — Any chain in the; form of a loop without an c'lid. 

Hog Chain. — A chain cable or tckI stretehc'd ovct the* straining jumsts in a Hog-chain 
Truss. Sc'o “IViiss.” Same lus thc» nul uscmI for trussing a bc'am. 

Hook and Ring Chain. — A chain with a hook at one end and a ring at the other. 
CWIchI also a “Sling Chain.” 

Hook Chain. — A chain having a hook on one end or one at each end. 

Jack Chain. — A small chain each link of whicli is formed of a single piece of wire 
bf;nt into two loops resembling the figure eight. 

Jet Chain. — ^Ihe chain which picks up a pipe that is used for the purpose of jetting. 
Kibble Chain. — ^Thc chain which draws up the kibble or bucket from the hole. 
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Chain. 

Link Chain. — chain made of links. 

Machine Chain. — chain with twisted links that form a fairly flat surface. 

Ring Chain. — ^A chain having rings at the end. 

Roiler and Thimble Chain. — ^A chtiin in which the links are connoctiHl by means of 
rollers and thimblcis. 

Siing Chain. — Same as '"Hook and Ring Chain/' qj\ 

Stayed Link Chain. — k coil chain in which all the links ore cross-braced, (called also 
a '‘Stud Link Chain.” 

Stud Link Chain.-*Same as "Stayed Link Chain,” q.v. 

Wheel Chain. — A chain constructed so as to run over a chain wlu*c‘l. 

Chain Bearer. — ^That one of the staff in a survey party*who carries and handles an 
engineer's or sur\'eyor's chain or tape. The chainman. 

Chain Blocks. — ^An endless chain running over two differential pulleys. Used for 
hoisting. 

Chain Bond. — Scje “Bond.” 

Chain Bridge. — Sec “ Bridge.” 

Chain Cable.— See “Cable.” 

Chain Casting. — See “Casting.” 

Chain Coupling. — Sw “Coupling.” 

Chain Dog. -vSihj “Dog.” 

Chain Drive. — A mechanism consisting of a chain or chains for transmitting power. 

Chain Gear. — »Sec “Gear.” 

Chain Hoist. — See “Hoist.” 

Chain Hook.— See “Hook.” 

Chain Knot with a Toggle. — See “ Knot.” 

Chainman. — Same as “(]!hain B(*arer,” q.v. 

Chain PuUey.— vSame as “Chain Wheel,” q.v. 

Chain Pump. — See “ Pump.”- 

Chain Riveting. — Sec “Riveting.” 

Chain-smith. — One who makes chains. 

Chain Tape. — Sec “Tape.” . 

Chain WheeL-r^ee “Wheel.” 

Chalk Line.— “Line.” 

Chamber. — ^The recess in an axle box di'signod to hohl the lubricant, A compartmc»nt 
or an enclosed space, the chamber in a caisson. 

Air Chamber. — An enclosed space containing air. In bridge work it usually n'fers 
to the wprking chamber in a pneumatic caisson. 

Air Working Chamber. — A chambcT in a cais.son into .which compressed air is forcixl 
to expel the water so that labon'rs can work at (‘xeavating. 

Working Chamber. — Same as “Air Working Chamber,” q.v. 

Chamfer. — ^I'o bevel or sharpen to a blunt edge;. 

Chamfered Joint. — See “Joint.” 

Channel. — ^^Fhc deopc'st part of a river, bay, or stream; usually that i)art available for 
navigation. The trough uschI to conduct molten mental from the; furnace to the 
moulds. To form or cut a channed. A structural or voWM stend shape used in 
bridge building p,nd in other stind constructions. 

Built Channel. — A shape in the form of a channel fabricated* from a plate and two 
angk; irons. 

Rolled Channel. — A channel w)iich is rolled in one piece;, in contradistinction to the 
built channel. 

Channel Column. — Sec “Column.” 

Channeling. — Making a new channel. Grooving or cutting in quarrying stone. A 
system of channels or gutters. 
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Channeling-machine. — inaciiiiip for cutting groovers or channels when quanying 
stone. 

Channel Iron. — Same as ^‘Rolbnl Channel,” q,v, 

Channel Span. — Sec ”Span.” 

Channel Strut. — See ” Strut.” 

Characteristic Curve. — See “Curve.” 

Charcoal Iron. — See “Iron.” 

Charcoal Steel. — See “Steel.” 

Charr^ Piles. — See “Pile.” 

Chats. — ^Tailings from ipills in which zinc, and lead ores are treated. 

Check. — A small crack in wood due to seasoning, or in concrete or mortar due to drying. 

Heart Check. — ^A check in the heart of a timber. 

Check Nut. — S(h^ “Nut.” 

Check Valve.— See “Valve.” 

Check Washer. — See “Washer.” 

Chenoweth PUe.— See “Pile.” 

Chilled Casting.— S(^<^ “Casting.” 

Chilled Iron.— See “Iron.” 

Chinese Anchor.- -See “ Anchor.” 

Chinese Capstan. — S^M^ “Capstan.” 

Chinese Windlass.— vSee “Windlass.” 

Chipping Hammer. — See “IlamincT.” 

Chisel. — A hard tool consisting of a sharp-ended bhule designed to cut under the impulse 
of a blow. 

Cape Chisel.— A hand tool made from a short steel bar having one end flat and the 
other tapcTing 1o a blunt edge sharpened at an obtuse angle to prevent breaking. 
Used in connection with a hand hammer for chit)ping east iron.* It diiTers from a 
cold chisel in having a narrower blade wdth more stock bt'hind it. 

Cold Chisel. — A hand tool nnuh* fn>m a short st(H'l bar having a flat top and a taper- 
ing wedg(5-8haped end a trifle wi(l(T than tiie shank. Used for cutting metals 
while cold. 

Framing Chisel. — A la^avy eaipen tor’s oliisc*!, used in mortising timbers. 

Heading Chisel.— A mortise chisel. 

Hot Chisel. — A chisel used for cutting metals whil(‘ hot. 

Pitching Chisel. — A stone? iruuson’s chisel for making a well-defined edge to the face 
of a stone block. 

Slogging Chispl. — iK he'avy ejhise'l use^el for e*utting off bolt, heaels. 

Splitting Chisel. — A wedged-shaped ehise*l. 

Tooth Chisel. — Same as “Pitching Chist'l,” g.e. 

Chisel Bar.— Sen? “Bar.” 

Chisel Draft.-SeHj “Draft.” 

Chiseled Dressing. — See “ Dressing.” 

Chock. — A block, a piece of w'ooel, or other material specially prepared and generally 
wenlgo-shaped, used to prevent movemieiit by insertion iindcT wheels, etc. To 
secure by putting a chock into or under a moving object, or oho that is likely to 
move. 

Chock-a-block. — kTam^icd. Said of a tackle when the blocks arc so close hauled as to 
pn?vcnt further motion. , ‘ 

Chock Block.— See “ Block.” 

Chord. — ^That portion of a truss the main function of which is to resist bonding on the 
span. 

Bottom Chord. — ^Thc lower member of a truss, usually resisting tension. 

Broken Top Chord. — A top chord in w]|iich each successive segment deviates or deflects , 
from the line of its contiguous segment, at the panel point. 
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Chord. 

Camel-back Top Chord. — A lop chord that is broken or dofloctw at two or, at most, 
three points. 

Curved Top* Chord. — A lop chord that approximates to the form of a curve. Strictly 
speaking such a chord is polygonal/’ as curving chords betweesn pand points is 
not permissible. 

Lower Chord. — Same as “ Bottom Chortl,” q.w 

Parabolic Chord.— A clionl of a truss in which the panel points lie on the arc of a parabola. 

Polygonal Top Chord. — A top chord composed of panel length segments which form 
a polygon. 

Top Chord.— The upper member of a truss, usually resisting compression. 

Upper Chord. — Same as '‘Top Chord,” q.v. 

Windward Chord. — ^I'he chord of a span on the windward side (the side fi-om which 
the w’ind comes). 

Chord Bar. — Sec " Bar.” 

Chord Boring-machine. — Sec “Boring-machine.” 

Chord Head.— vSee “lli iui.” 

Chord Packing. — See “Packing.” 

Chord Pin.— See “Pin.” 

Chord Pitch.-See “Pitch.” 

Chord Splice.— See “Splice.” 

Chord Stress. — See “Stress.” 

Chord Stringer. — See “Stringer.” 

Chrome Steel. — See “Steel.” 

Chuck.— A device attach(»d to a revolving shaft ormandrtd of a lathe for holding tho 
object to be turmxl. 

Drill Chuck. — A tvpc' of chu(!k vrlneh holds a drill. 

Churn Drill.— See “Drill.” 

Chute. — An inclined trough or pipe along which substances are slid from a higlier 
to a lower level. Also spelled “Shoot.” 

Cincture. —A ring, list, or fillet at the ends of a column serving to separate the shaft 
from the capital or the base*. 

Cinder. — Slag, especially that prcwliiced from making pig iron in blast, furnaces. 
Ordinarily the rcsidui! of burnt coal, being the impurities then!of fuse<I togt'tluT 
to form lumps. 

Puddle Cinder. — CindcT n'lnoved from the inolt(*n metal after the process of oxidizing 
the impurities has b(;en completed. 

Cinder Concrete. — See “Concrete.” 

Cinder Pig.— Sec “Pig.” 

Cinder Pocket. — See “Pock(?t.” 

Cinematics. — Same as “Kinematics,” q.v. 

Circle. — A graduated plate on a transit. 

Circuit. — ^l^he arrangement by which an c?lectri(!al curn‘nt is conducU'd Ix^twecm the 
two poles of a generator or battcTy. 

Circuit-breaker. — k device for automatically opening an electric cinaiit. 

Circular Arch. — Sw; “Arch.” 

Circular File.-^ee “File.” 

Circular Girder.— vSee “Ginler.” 

Circular Pitch. — Sec “Pitch.” 

Circular Saw.— vS(!c “Saw.” 

Clack Valve.— Sije “Valve.” 

Clamp. — ^^Vn instrument or tool consisting of two movable parts that can be drawn to- 
gether by a screw or other suitable mechanism, ustxi to fasten two objects together 
by pressure. One of a pair of movable chcciks on a vise. To fasten by pressure 
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Clamp. 

Cable Clamp. — clomp consisting of a U bolt, saddle, and two nute, usexi on ■ 
cables. 

Fitting-up Clamp. — ^An onlinary screw clamp, used for fitting up instead of bolts. 

Pipe Clamp. — A vise for holding pipes. » ' * 

Rail Clamp. — ^A wedge usexi for tightening a rail in a rail chair. 

Rope Clamp. — ^A device consisting of a pair of clamping jaws carrying a ring and 
hook used for securing or attaching the cmd of a n)pe to some object. 

Screw Clamp. — A clamping device opiTated by a screw. 

Clamp Drill.— See “Drill.” 

Clamp Iron. — Same as “Clamp,” q.v. 

Clamp Screw. — A clamp operatfxl by a thumb-screw. 

Clam-shell Bucket. — See “Bucket.” 

Clam-shell Dredge. — See “Dn^dge.” 

Clap-boards. — Short, thin boanls, shingle shaped, and us«xl instixul of shingles. 

dapper Valve. — S(x^ “Vjilve.” 

Classification. — ^The distribution into sets, sorts, or ranks. 

Classify.— To arrange* in classes, sorts, or ranks acconling to some mt'tliod founded 
on common characteri.stics in the objects so arranged. 

Claw. — A split provi<lcxl at Ok* end of a b:ir or a hammer for taking hold of the heads 
of nails, spik('s, or bolts so as to withdraw them from wood. 

Clawback. — A balk or a beam, used in making fioating bridges. 

Claw Bar.— S(x* “Bar.” 

Claw Coupling. — Se(! “C'oupling.” 

Claw Hammer. — See “Hammer.” 

Claw Wrench. --Se(^ “Wrench.” 

C'lay-daubed. — (Vacks filkxl with clay, jus is sometimes don(^ in forms for concrete. 

Clay Puddle.- S(*e “ I'uddh*.” 

Clearance. — 'Fhe spjicc* allowtxl for tlu* passagj* of any vc'hicle or craft through or near 
ji const ru(‘t ion. The jidditioiial si)jw?e allowixl for the fitting together of members 
ov<*r that noiniruilly r(*quired, in oixler to provide for slight irrc'gularities of work- 
mjinship or nuiterials. 

Horizontal ('learance or Lateral Clearance. — ^The horizontal sixicc* allowed for the 
pjussjige of 11113' vehicle or crjift through or nejir Ji construction. 

Vertical C'learance. — The* vertical or overhtxid space allowixl for the* luussagt* nf any 
vehicle or craft , measunxl jibove the roadway' or the water level. 

Clearance Diagram. — ^See “ Diagram.” 

Clearance Line. — See “Line.” 

dear-headway. — 'fiie verticjd distanc<* from thi* upper surface of a floor to the lowest 
p:u*t of th(* overhead bracing. It is the measun* of height of the talh'st vehicle 
that could pjuss through the bridge. Also the vjTticjil distance from the water 
surfjice or the ground to the lowest part of the superstructure. 

Clear Roadway. — S^x* “ llojuhvay 

Clear Span.- -Sex? “Spjin.” 

Clear Waterway. — Sec “W'atc'rway'.” 

Cleat. — ^A piece of wfKid or iron with projecting prongs, used for bcla3diig or winding 
ropes on so as to nuike them fast. 

Cleave. — ^To part or divide* by force. To n*nd asunder, as to cleave wood or rock. 

Cleveland Hammer. — See “ 1 lammer.” 

Clevis. — A connecting inm bent into the form of a hoi*s(*8ho(', stirrup, or let.ter U. 
A link in a chain shaped like the letter U. An adjusting piece for bridge members 
of varying length. 

Clevis Pin. — See “Pin.” 

Click. — Same us “Ratchet,” q.v. 
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Clinch. — A hold-fast. To bond ovor o piece of projecting metal so as to make an 
attachment. To fiisti'ii firmly. ■ 

Clinch Bolt.— S(‘o “Bolt.” 

Clinker Brick.-j-See “ Brick.” 

Clinton Wire Cloth. — Afonn of wire netting having nearly square mc'shos of large size with 
the longitudinal win's heavicT than the transverse^ oiu's, list'd for reinforcing concrete. 
Clip. -A fastc'iiiiig. The hinged yoke on top of the Y*s in a spirit-level. 

Angle Clip. — Same lus “Clip Angle.” See “Angle.” 

Briquette (lips. — 'llie clips or jaws on a cement tejsting-inachine which hold the 
briquette' while be'ing stressed. 

Cable Clips. - -A device for hanging an electric cable to a suppeirting e;able', eir for 
attaching anything to a cable. 

Pulley Clip. — A clip attachenl to a pulU'y to pre've'iit- the' wire rope (passing ovtT it) 
from slipping. 

Spring Clip.- "A clip worke'd by a spring feir holding shee'ts of jKipe'r. 

Clip Pulley. — Se'e “ Pulle'v.” 

Closed Column. — See “(3olumn.” 

Close-quartered Reamer. — See “Re'anier.” 

Closing Line. — Se'e^ “Line'.” 

Closing Pile. -See “Pile.” 

Clove-hitch.— See “Knot.” 

Ciub Dolly.— See “Dolly.” 

Cluster Bent. — See “Bent.” 

Clutch.— A movable coupling or locking or unlocking contrivance use'd for transiiiiitiiig 
motion. 

Coil Friction Clutch. — A friction clutch compose'd of a e*e)il wound e)n a chillcil cast- 
iron drum. 

Cone Clutch. —A eduteh eon.si.sting of e;e)nie'al plug, sliding on its shaft and e'ligaging 
a hollow drum shaped to re*ceive the plug that rotates with the* said shaft. 

Friction Ciutch. — A de»vice» fejr eionve'ying motion from erne; line* of shafting te) another 
by the frictiejiial n'sistance; be'twe't'ii plate's in contact. 

Jaw Clutch. — A clutch compose'd of two hub-like castings having jaws that I'ligage 
each othe'r. One; hub is arrange'd to sliele? on its shaft as well lus to rotate? with it, 
so that it can be thrown in or out of ge'ur. 

Pulley Clutch . — .\n automatic device in the form of a grappling tongs for faste'ning 
a hoisting pulley to a be'am. 

Clutch Coupling.— Sec “Coupling.” 

Coarse Sand.— See “Sand.” 

Cobblestone. — A .stone u.seel in pavemi'nts, ii.sually rouneh'd like' a pc'bble. 

Cock. — A faucet or turn valve consisting of a tape'ring i>lug having a transve'rae? lu)le? 
through it for the pa.ssage* of fiuids. This plug fits into a hole', or seat, having 
a correvsponding tape'r, so that in one ixi.sition the passage-way Ls blocke'd and in 
another position it is ope'nc'd. 

Pet Cock. — A small ce)e;k u.se'el fe)r draining pipe's, etc. 

Plug Cock.— A cock or a fauce't which has a tape'rejel plug, with a transve'rse? heile, 
fitting into a preparexl seat in a fiipe. 

Cocked-hat. —A coping proje'cting from the shaft of a pier above the elevation of high 
water, u.se;d for emlarging the? lower portion of the? pic'r and its base, the're*by in- 
cn?asing the stability and renlucing the foundation prc'ssure. 

Coefficient. — A e;onstant factor in an algc'braic e?xpre'ssion. 

Differential Coefficient. — The? me'a.siin? eif the rate of e;hange? in a function re?lativc 
to its variable. A term use'd in the calculus. 

Empirical Coefficient. — A e;cje?ffif:ie'nt e'stablished by c'xpe'rie'nce or observation rathi'r 
than by scientific deduction from fundame^ntal prinf?ipies. 
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Coefficient of Contraction.— Schj “Contraction.” 

Coefficient of Elasticity.— Sec “ lOlasticity.” 

Coefficient of Expansion. — See “Expansion.” 

Coefficient of Friction. — See “ Friction.” 

Coefficient of Impact. — Se(i “Impact.” 

Coefficient of Lineal Expaiysion — S('e “Expansion.” 

Coefficient of Resilience. — S(ic “Resilience.” 

Coefficient of Restitution. — See “Restitution.” 

Coefficient of Torsion. — Se(» “Torsion.” 

Cofferdam. — A tc'mporary eii(;losing stnictui*e, practically watertight, from which the 
water is puinpwl, and within which masonry or concrete is placed in the opcm 
air. 

Movable ('offerdam. — A cofTerdiun (!onstructed of timber, hinged at one conicT and 
joined on tln^ diagonal corn(T in such a way that it can be opened, after the pier 
is built, and movinl away to another pier site. 

Cog. — tooth, catch, or pn)j('ction on th(^ pcTiphery of a wh('el. 

Cog Wheel . — Same as “Clear,” q.v. 

Cohesion. — Thc^ force* that holds together the individual particles of a body. 

Coignet, Beton. — S(*<* “ Jh'ton-Coignet.” 

Coil Chain. ■St'ei “CJhain.” 

Coil Fricyon Clutch.— S(‘(* “Clutch.” 

Cold Chisel.- Se e “(liisel.” 

Cold-cut or ('old Cutter. -A (!old chisel mountcHl on a handle like a hammer. It is 
used with tlu* application of a maul. 

Cold-hammering. — Tla* act or practice of hammering metal whc*n cold. 

Cold-pressed. Press(*d wh(»n cold. Appliwl genemlly to iron or steel. 

Cold-pressed Paper. — S(*(; “Paper.” 

Cold-rolled. — Rolled when (jold. Applicnl generally to iron or steel. 

Cold-rolled Shafting.-^?ec “Shafting.” 

Cold Saw. -S(*e “Saw.” 

Cold-short. — The* condition of brittleness in steel when it. is cohl; caus(*d by excessive 
phosphorus. 

Cold-short Iron. — Sec? “Iron.” 

Cold-short Steel.-^Sc(* “Steel.” 

Cold Shut.— See “Shut.” 

Cold-straightening. — 'The? process of straightening metal when cold. 

Collapsing Bucket. — Si*c? “Bucket.” 

Collar. flat ring surrounding anything closcdy. 

Thrust ('ollar. — collar on a shaft set to resist end thrust. 

Collar Beam. — Sc^e “Beam.” 

Collision Post. — Same iis “Collision Strut.” Sev “Strut.” 

Collision Strut. — See “Strut.” 

Color. — A generic tc'nn referring inclusively to Jill of the colors of the spectrum, white 
and black, and all tints, slnules, and hues which may be productxl by their ad- 
mixture. 

Column. — A pillar or strut. A long member which resists compression. 

Bethlehem Column. — wide “H” column rollixi in a four-roll mill by the Bethlehem 
Steel Company, similar to that of the “Bethlehc'rn Beam,” q.v. 

Box Column. — A column made in the shape of a box, having sides of steel plates 
united by angles. 

Channel Column. — A column made up of two channc*l-irons latuxl or stayed. 

Closed Column. — X column that is boxinl in, shutting out water and air, generally 
m aking the interior inaccessible for painting. 
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Column. 

Gray Column. — A stnirtunil stcM'l column composiMl of eight angh'-irons rivetcnl 
together in pairs, and stayed at short intervals by bent battem plates attached 
to the connecteni legs. The strut is in the form of a square cross, having the 
conm‘rt(xl paii-s of h'gs turiKHi inwiu-d. Named after its investor, John Gray, 
Esq., C.l^. 

Keystone Column. — A structural steel column mjuh' of four bent ch:mnols riveUid 
togethcM*, with thimbh^s or nipple's over the rivc'ts s('p:u'ating the channels. 

Long Column. — A oolinnn which will fail by buckling. 

Nurick Column. — Samii lus the Keystone (k)Iumn with the nippli's or sleeves 
omitted. 

Phoenix Column. — A fabricated column nuule up of rolled slec'l segiiK'iits riv('t('d 
togetlu'r forming a circular sc'ction with either four or six exterior projections 
through which the' rive'ts pass. 

Pin-end Column. — \ column that is fn'e to turn at either end about a pin. 

Short Column. - A column whicli will fail by crusliiug. 

Spandrel Column. — .-V column resting on tin' c'xtnulos of an arch and supporting 
the roadway above*. 

Square-end Column. — A column bc'aring on its squar(‘d ends. 

Z-Bar Column. — .V fabricat<'d column (‘omposed of four Z-bars and one web plate 
riveted together. 

Columnar Fracture. — See ^‘Fractiin*.” 

Columnar Pile. — Sec *‘Pilc.” 

Column Bent. — S(*(^ ^Mleiit.** 

Column Crane. — Sec* “Cram'.” 

Column-foot. —The base of a column. 

Column Footing. — See “I ooting.” 

Combination Bridge. --S(*(^ “Hri<lge.” 

Combination Dolly. -See “Dolly.” 

Combination Punch and Shears. — An apparatus which does both punching and 
shearing. 

Combination Wrench. — See “Wrench.” 

Combined Bridge. — iS(*e “ Bridge*.” 

Combined Stress. — S(*e “Stress.” 

Commercial Horsepower. —Sec “Horsepower.” 

Common Iron. — See* “ Iron.” 

Common Lime. —See “ Lime.” 

Common Logarithm. — Sf*e “Logarithm.” 

Common Reamer. —See? “Reaim*r.” 

Compass. — An instnirnent used to indicate the magnetic mi*ridian or the direc- 
tion of an obj(*ct with reference to that meridian. An instrument for drawing 
circles. 

Beam Compass. — A bar having two slides mount (*d then'on, one holding a st(*el 
point or centn*, and the oth(*r the; marking-pencil or pen — usc'd for striking large 
circles. 

Compensator. — An equalizing device on rnmdiines or f*ngines. 

Component. — A const it uc*nt i)art. One of the parts into which forces or stn*ss('s may 
be resolved or dividc*d. 

Horizontal Component. — A compon(*nt of an oblique force taken in a horizontal line. 

Longitudinal Component. — A comix)n(;nt in a dinsrtion paralh*! to th(^ plain; of the 
truss(*s. 

Transverse Component. — A corrqM)n(*nt in a transv(*rs(; din;ction, generally intended 
for a (fornponent p(;rpr;ndicu1ar to the plan(;s of the trusses. 

Compound Curve. — See “Curve.” 
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Compound Girder. — See 

Compound Locomotive. — Soc^ “ Ijoc»inotiv<\” 

Compound Pulley. — Sen “Piilh'y.” 

Compound Stress. — S('« “St-ross.” 

Compound Web Plate. — Soc? “Plato.” 

Compression. — TI k^ static of b*Mnp oomprt»sso(l; shortoning by pn*ssuro. 

Compression Joint. — See “Joint.” 

Compressive Strain. — S(‘o “Strain.” 

Compressive Strength. — Si'c “Strength.” 

Compressive Stress. — Sec “Stress.” 

Compressor. — An apparatus for coinprt'ssing liquids or gases. 

Air Compressor. — A macdiine by which air is comprc\ss('d into a receivc'r so that its 
('xpansion may b(» ut.iliz('d lus a source of power. 

Computations. — C'alculations; the figuring of bridgework. 

('oncave Brick. — S('e “Brick.” 

Concave Curvature. — Sec “(hirvature.” 

Concentrated Load. S(M‘ “ I^oad.” 

Concentrated Load Stress.— Sec^ “Strc'ss.” 

Concentration. — A sj\stein of loiwling in whieh several loads are collc'ctcd and applied 
at a point, or over a verj’ small area. 

Axle Concentration. — 'riu* load from one axli^ of a locom«)tiv(‘ or vehiclii concentratc'd 
on a structure, or twice' a wlu'el load. 

Double Concentration.- -A t *rm (h'seriptive of the me'thod of figuring stn'sscs in 
bridges for a live lojul, consisting of a string of cars of uniform w’cight per lineal 
foot head(*d by an (*\'cess load eejual to the' ditT(‘r(*nce betwec*n the* total weight 
of an eaigine and te*nele*r anel the proelue*t of the* length of the two by thej weight 
peT line'al feM)t of the* cars, anel fulleiwe'd by anothcT similar anel equal e*xcess load 
twe) pane‘1 le*ngths (abeait fifty f(*et) back of the he*ael of the train. This type* of 
live* loael is no longe*r used, as it has been re'placed by the “ecpii valent uniform 
live* load.” 

Floor-beam Concentration. — ^The^ kaul transfe*iTcd fre)m one* line of stringers to a 
floe)r-be*am. 

Single Concentration. —Similar to Double* Ce)nce*ntration (e/./*.) e*xeu*pt that the* sceonel 
exce*ss leawl is e)nntte*el. It, toe), is no longe*r usi*d. 

Wheel Concentration. — 'fhe* amount e)f lojul e*ame‘d and eh'live're-el by one* wlie*i*l. 

C'onchoidal Fracture. Se*e? “IVaeture*.” 

Concrete. -An artifie*ial ste)ne inadej by mixing some* ee'mi*nting mate*rial with an 
aggivgate* ce)mpe)se*d of liarel, inert partie'les of varying size*. Tsually the* ceine*nting 
material is Pejrtlanel eem<*nt, and the hard, ine*rt partie*le's are* sand and broke*u 
stone*, wate*r b(*ing :ulded te) make the e*e*iiK*nt ae*tive. 

Bituminous Concrete. — A ce)ncre*te* ce>mi)ose*el e)f bitume*n, sanel, and bre)ke*n stone. 

Broken Stone Concrete. — A conert*te compose*d of eenie*nt, sand, broke*n stone*, and 
wat(*r. 

Cinder Concrete. — A concre*te* comiM)se*el e)f ee*me*nt, sanel, einele*i*s, and water. 

Cyclopean Concrete. — (^)ncrete* in which large* stones or beiulelers, se)metimes called 
plums, haves bee*n beddeel. 

Gravel Concrete. — A e;oncre te* composenl of ee*me*nt, sanel, grave*l, anel water. 

Green Concrete. — (k)ncre*te* that is fre*sh eir has not ye*t gaiiie*el its full stivngth. 

Lead Slag Concrete. — A concrete made with le*iul slag in place of the usual bn)kcn 
stone. 

Portland Cement Concrete. — Ck)ncretc in which Portland cement is use'll wdth water 
:is the ceme'iiting mate*rial. 

Reinforced Concrete. — Conenite in which steed bam are inse^rted to strengthen it, 
principally by resisting the ten^e stressc*s induced by external forces. 
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Concrete. 

Slag Concrete. — concroto composod of comont, sand, wat(ir, and slag from thc^ 
bljust furnace. 

Concrete Batch Mixer. — See “MLxer.” 

Concrete Continuous Mixer. — See “MLxer.” 

Concrete Floor. — See “ Floor.” 

Concrete Girder. —See “ Ginior.” 

Concrete Masonry. — See Masonry.” 

Concrete Mixer. — See “ Mixer.” 

Concrete Pier. — See ” Pier.” 

Concreting. —The act of mixing and placing concrete. 

Concurrent Forces.- -See “ Force.” 

Condenser. — .Vn apparatus for reducing gases or vapors to a liquid or solid form, 
elector Condenser. — A fonn of condi*nser operated by the exhaust steam fnnn the 
(mgine cylinder. 

Hydraulic Condenser. — A chamber in which gas from a retort is cooled. 

Injection Coiidenser, or Jet Condenser, or Siphon Condenser. — form of (H)ndenser 
in which the injected water comes in contact with the steam. 

Steam Condenser. — A cond('ns(T uscxl for stc'am. 

Conduit. — ^An undcTground, narrow passage. A intHlium or means for conveying. 

A pipe, tube, or undfTground passage carrying electric wires, etc. 

Cone Clutch. — Sec Clutch.” 

Cone Pulley. — Sec ” Pulley.” 

Conical Gears. — See ” Gears.” 

Conical Pulley. — See “Pulley.” 

Conical RoUer.— See “Roller.” 

Conical Wheel.— Sec “Wheel.” 

Conjugate Stresses. — S«'(‘ “Stress.” 

Connecting Angle. —See “Angle?.” 

Connecting Bar. — See “ Bar.” 

Connecting Chord-heads. — Chord-heads used to connect bottom chord or wc‘b-channels 
to pins. 

Connecting Plate. — See “ I’late.” 

Connecting Rod. — See “Rod.” 

Conservation of Energy. — Sec “Energy.” 

Consolidation Locomotive. — See “Locomotive.” 

Construction Bolt. — See “Bolt.” 

Continuous Beam. — See “ Beam.” 

Continuous Girder. — S(?c “Girder.” 

Continuous Span. — See “Span.” 

Continuous Stringers. — Sra “Stringers.” 

Continuous Truss. — See “Tniss.” 

Contour Line. — See “ Line.” 

Contour Map. — Same as “Topographic Map.” Sec “ Map.” 

Contract. — ^An agreement betw«H?n two or more partic?s for doing or not doing some 
definite thing. 

Sub-Contract. — ^A contract which has been sublet. 

Contraction. — ^The act of drawing together or shrinking. Diminishing the length, area, 
or volume of anything. 

Coefficient of Contraction. — ^The ratio between the decrement of length, area of 
section, or volume and the original length, an?a of section, or volume. For 
U^mperature change, it is the same as the “Coefficient of Expansion,” q.v. In 
hydraulics, it is the ratio between the area of the contracted section of a water-jet 
issuing from an orifice and the area of the orifice. 
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Contraction. 

Lateral Contraction. — A lateral shrinking or shortening. 

Contractor. — One who contracts or covenants either with the government or other 
public bodies, or with private parties to furnish supplies, or to construct works, 
or to perform any work or service? at a certain price or rate. 

General Contractor. — principal contractor who sublets the whole or part of the 
whole contract. 

Sub-Contractor. — One who takes a part or the whole of a contract from the principal 
contractor. 

Contraflexure. — ^A revc^rsal of bending in a column or beam. 

Converted Iron. — Sc'o “Iron.” 

Converted Steel. — See “Steel.” 

Converter. — Saiin' sis “Bess(»mer Furruice.” Hw. “Furnaci*.” 

Convex Curvature. — Se(? “("urvature.” 

Conveyor. —An apparatus or machine which carriers inatcTial from one point, to anotluT. 

Coordinate Paper. — Sec “ Paper.” 

Coordinates. — A ayat(’ni of lira's or angle's, or both, by rur'ans of which the? position 
of a jK)int is deteriniru'd by n'femng to certain fixe'd line's or points. 

Origin of Coordinates. — ^'Fhe initial ])oint in a system of coordinate's to which e>ther 
points are' re'fe'rre'el. In the* rectangular syste'm, it is the' inte'rsectiem of the two 
axe's; in the' polar system it is the point in the dire'ctrix about which the radius 
vect eir t urns. 

Polar Coordinates. —A syste'm of cerorelinate's in which the' position of any point 
is ele'fine'el by an angle anel a distance from a fixed line anel point. 

Rectangular Coordinates. -A syste'm of coordinates in whie'h the' position of any 
point is ele'fine'el by its elistance's fre>m two line's, calle'el axes, making right angle's 
with e'ae'h other; err from thre'e' mutually perpe'nelicular plant's. 

Semi-polar Coordinates. — A system of et)orelinate's in whie'h the ratlins vector of the 
perlar syste'm is eennbint'el with one of the coordinate's of the' rectangular system. 

Cope.- -Te) elrt'ss. To ])ut a coping on a pier. To notch ste'cl beams, channt'ls, etc. 

Cope Chisel. — Same as “Gape C^diist'l.” See “ Chisel.” 

Coping. — 'rhe teip t)r cove'r of a wall, cudumn, or pier. Usually maelc so as to j)roit't:t 
bc'yonel the faeu' be'low. 

Starling Coping. — Same as “Ceicke'd-hat,” q.r. 

Coping-machine. — A machine' for notching structural shapes. 

Coping Stone.- - Se't' “Sterne.” 

Copper.- -A re'elelish eluctile metal having a spt'citic gravity of S.S anel a high comliictivity 
for ht'at suiel t'lt'ct ricity. 

Corbel. —A small sht'lf cant ile've'rt'el out from a bt'am, wall, or cedumn in t)rdt'r to support 
a be?am e)r a supe'rinc-umbent 1o:mI. Sometimes calk'd a tassel e)r bragge'r. 

Corbel Bolster. — See “Bedste'r.” 

Corbel Course. -Se;e* “Course.” 

Core. — "Po make; or to cast a ce)rc. The inner part or filling eif a wall. The inteinul 
inoulel in a casting. 

Core Boring. --Se'e “ Be)ring.” 

Core Drill.— See “Drill.” 

Corner Bracket. — Se'e “Bracket.” 

Cornice. — ^The pre)je'edion at the top eif a wall that, is finishenl b3' a blocking course. 

Corrosion. — ^^Phe' elisintegratie)n of a substance by the action cf e‘liemie?al agents. 

Corrugated. —Be'iit t)r drawn into paralli'l furrows or ridge's. Wrinklcel; fluted. 

Corrugated Bar. — Se'e? “Bar.” 

Corrugated Dolly.— Se'e? “Dolly.” 

Corrugated Iron. — Sec “Irem.” 

Corrugated Pile.— Sec “Pile.”. 
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Corrugated Plate. — See ‘‘PLitc.” 

Cost. — ^Tho price paid or the expenditure involved in procuring or constructing any- 
thing. 

Capitalized Total Cost. — A sum of money that includes the fii-st cost of a structure, 
plant, et(\, plus an amount the interest on which would cover the annual expendi- 
tures for operation, maintenance, and repairs. 

First Cost. — ^"I'lie sum of all the expenditures made for love's! igation, promotion, 
engineering, and const met ion of a stnictim^, plant, etc. 

Maintenance Cost. — All ('xpe'iidi times for repairs and upkeep which are directly due 
to operating a structure or plant. 

Operating Cost. -All expenditures ineurn'ti in running a plant or opiTating a structures 
not pertaining to upke'cp nor tei re'pairs. 

Unit Cost. ■ -'Phe eost e>f a unit- quantity of mati'rial or service. 

Cotter. — A be've'leMl jiiece' e)f weiod or stec'l, ustnl as a we*dge for listening. Also a split. 
steM'l ke\v, use*el for the* same* puri)Ose. 

Cotter Bolt. -Same as ^‘Cotte'r Pin.” Scmj “Pin.” 

Cotter Key. — Same as “Cotter,” q.tK 

Cotter Pin. -Se*e* “ Pin.” 

Counter. — An adjustable eliagonal in a truss, not siibje*ete*d to stress exce*pt for ce*rtain 
partial apjilications of the live loael. 

Counterbalance. — ^'Po we*igh against with an e'qual we*ight.. Same jis a ce)unteriie)is.*. 
Sometime'S usenl as a syneiin'iii for ewainterweight, e/./». 

Counterbore. — 'Phe re*be)ring of a cylineli*ical hole for a part of its length to a larger 
diameter than the eiriginal. 

Counterbrace. — we'b eliagonal which transmits a stress in the* e>pposite dire*e'tie)n 
(in relatiem to span-l(*ngth) to that can-iwl by the* main eliagemal of the* same j)am‘l. 

Counterfort. — \ short in*oss-wall built he*hinel the main wall to give* it aelelitiemal stability 
by ae'ting as an anchor to hclel back the main wall. Its action is oppeisiti; to that 
of a buttre'ss. 

Counterpoise. — Same as “ Count e'rbalance*,” q.r. 

Counter Shear.— Se-e* “She*ar.” 

Countersink. — A elrill em brae!e*-bit fe»r count e*rsinking. To femm by drilling or turning 
a cemical e*avity in timber, metal, or othe*r mate*rial, fern the ive*,f*ptie)n e)f the* he*!wl 
of a bejlt, rive*t, or seTe*w, so that the enel thereof may lie flush with the surfaces 
of the; said mate'rial. 

Countersink Drill. — Se*e; “ Drill.” 

Countersinking Reamer. — Sec “ Reamer.' 

Counter Stress. — Se‘e* “Stre*ss.” 

Counter Strut. — Se*e! “Strut.” 

Countersunk Boit. — See; “Bolt.” 

Countersunk Rivet. — See; “ Rive*t.” 

Counterweight. — A weight that counterbalances some other weight. To weight 
against. Similar to “Counterbalance,” q.v. 

Couple. — T we) e'qual and parallel fore;e*s acting in opposite dirf*ctie)ns anel in dilTe*rent line's. 

Moment of a Couple. — "Phe; tenelency of a e;oiiple to produe*e; rotation, mc'iisured by 
the pre)duct of one of the two e^ejua) forces by the pe*rpc‘neli(;ular distance; betwe*e;n 
them. 

Stress Couple. — A pair e)f c;qual anel o])|)osite stre'sse*s lying in the same |>lane. 

Coupling. — ^The jict of uniting and joining. The part that unite;s and joins. 

Chain Coupling. — A hook e;onnected to the; end of a chain for I he; purpe)sc of conne'e;ting 
it with anothi;r chain or obje;ct. 

Claw Coupling. — A coupling in which the claws of one; part fit into the reci*sse;H eif the 
othe*r part with a little amount of play; so that when the shafts arc out of line, 
the coupling will accommodate itself to the obliquity without overstressing the shafts 
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Coupling. 

Clutch Coupling. — A connection produced by means of a clutch. 

Differential Coupling. — An (extensible coupling designed for varying the speed of that 
part of th(? machinery which is driven. 

Disk Coupling. — A permanent coupling consisting of two disks k(»ycd on the connccUed 
ends of two shafts. 

Flange Coupling. — A coupling mfule up of two parts, each firmly attached to the end 
of its shaft, bolt(jd tog(eth(‘r to form a fK'rmanent connteciion. 

Friction Coupling.— An adjustable connection consisting of a (!one kceycHl- rigidly to 
one shaft against which a movable part, having an interior conical surface, 
sliding on a feather on the oth<*r shaft can be iin'ssed. 

Jaw Coupling. — Saince y, <‘(Jlaw (coupling,” q.v. 

Joint Coupling. — A form of universal joint in which the sections are coupled and 
locked tog(»ther. 

Pipe Coupling. — A thn^iukHl sUiCve into which are screnved the ends of the? two piece's 
of pipe' to b(^ coupled. 

Ratchet Coupling. — A shaft cou])ling (consisting of a ratcln't-whicel on one shaft 
turning a similar one on th(‘ other shaft. 

Shaft Coupling. —Any of IIm' sevc'ral dc'vice's for joining the (‘nds (jf two shafts. 

Sleeve Coupling. —A permanent coniucction in which the' (‘oupling (‘onsists of a wide 
band of iiK'tal ('Xt (‘riding ov('r both (‘nds of th(‘ shafts to Ix' join(‘(l. 

Square Coupling. — A fonii of coupling box, (‘onsisting of two longitudinal halvc's, 
having a s(iuai-(‘d liol(‘ to lit the squru-ed ends of the two shafts to be conn(*cted. 

Coupling Box. -See' Box.” 

Coupling Link.- -A link (•onn(‘cting two obj(‘cts. 

(•oupling Pin. — S('(‘ Bin.” 

Coupling Valve. — A coupling having one end threjuled to r('C(‘ive a me'tal jiipe and the 
oth(‘r with a shank to fit a hose. 

Course. — A horizontal lay(‘r of stone in a masonry wall, or of a pavein(‘nt. 

Binder (.'ourse. — That jiortion of a iiaveinc'iit conn(‘(;ting th(‘ W(‘aring surfac(‘ to the 
l)as(‘. 

C'orbel (bourse. — A course of brick or stone pi*oj('cting from the face of a wall and 
forming a support for an (‘(^centrically appli(‘d load. 

Footing Course. — ^The bottom course of masonry at tlu' bas(‘ of a foundation. 

Irregular ('ourse. — A coui’se in which tlu? thickness(‘s of the ston(‘s varj’ at 
intervals. 

Random Course. — Same as ‘‘ IiTogular Course,” q.v. 

Regular C.oursc. — A course in which the thickness of stoiK's Ls unifonn throughout-. 

Ring (bourse. — A coui’se of masoiu’j' parallel to the face of the arcli. 

Rubble Course. — A coui’se in whi(;h rough stoiu's ai’(‘ levc’k'd otT at sjiecific heiglits 
to an a])proxima((‘ly horizontal surface. 

Stretcher Course. — A coui’se of masonry (consisting (‘iitin'ly of sti’(‘tchers. 

String (bourse. — A narrow ornamental coursij cai’ried around a structure. 

C'oursed Rubble.— S(‘e “ Rubble.” 

Coursing Joint. — S(‘(^ ” Joint.” 

Cover Plate. — S(‘(' “Plate.” 

Crab. — A short shaft or axk', mounted in a fnimi', having squartxl (‘nds to receive hand 
cranks, us(‘d to wind up a ropi^ and th(‘r(‘by raises a load. 

Bracket Crab. — \ hoisting a])p:ii’atus fasb'ned to a wall. 

Derrick Crab. — X hoisting apparatus at Uki foot of a derrick. A special crab for a 
d('rrick. 

Hoisting Crab. — ^Any crab used for hoisting. 

Square Oab or Square End Crab. — ^A crab having the ends of the shaft squared to 
receive the cranks or handles. 
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Cradle. — A torm applied to various kinds of timber supports, which partly enclose the 
mass sustaincMl. To incline suspending cables to the vertical. Sve “Cradling.” 

Cradling. — ^^Fho placing of the cablets in a suspension bridge so that they are closer at 
the sag than at the sup|)orting towers. 

Cramp. — A short bar of metal having its two ends bent downward at right angles 
for inscTtioii into two adjoining pieces of stone, wood, etc., to hold them 
togetlKT. 

Cramp Iron. Same as a “Cramp,” qjK 

Cramp Joint. — See “Joint.” 

Crandall. — A m:ison's tool consisting of an iron bar for the handh*, having a slot near 
one eiul into which are keyed a numbcT of double-headed mason’s points. Also 
to dress stoiK* with a crandall. 

Crandalled Dressing. — See “Dressing.” 

Crandalled Masonry. — See “ Masonry.” 

Crane. — .\ hoisting machine mountcHi so that it can move in a horizontal direction 
and therc'by place the* lowl at any point within its rang(\ 

Balance Crane. -A crane having tw^o count eriwisod arms. 

Cantilever Crane. — A crane in which the weight to bi? lift('d is balanccMl by a heavy 
mass of material such jis stone blocks or pig iron. It is generally capable of being 
nrtated, tlie rc'ar end being supported by a circular track. 

Column Crane. — A crane built in the form of a latticed column with a curved over- 
hang at the top. Also calk'd a “Tower Crane.” 

Derrick Crane. — A crane in which the* post Ls supported by fixed stays in the rear, 
th(‘ jib being pivoted like the boom of a derrick. 

Electric Crane. — A crane operat('d by electricity. 

Gantry Crane. — A crane set upon a gantry, q.v. 

Hydraulic Crane.-- An afiparatus for raising and lowering lo:uls acting on the' principle 
of a hydraulic |)n*s.s. 

Jib Crane. — crane having a swinging boom. 

Locomotive Crane. — A locomotive, or steam engine on w'he(*ls, with a crane attached. 
Uscxl in yard work. 

Overhead Balanced Crane. — \ combination of an ovcThead and a balanced crane. 

Overhead Crane. — .\ crane which travels on elevati'd gink'rs in a shop. 

Rotary Crane. — A crane having a jib swinging in a complete circle. 

Steam Crane. — A crane opc'rated by stt'am iww'er. 

Swinging Crane. -Any (;rane w'hich Inis a boom that swings laterally. 

Tower Crane. — Same as “C’olumn Crane,” q.v. 

Tram Crane or Traveling Crane. — A crane mounted on wheels and caf)uble of being 
moved from place to places 

Walking Crane. — Same as “Djcornotive Crane.” 

Water Crane. — A crane operat(*d by means of hydraulic pn'ssure. 

Crane Girder. — Se(? “(iirder.” 

Crank. — A (kjvice or mechanism for producing rotation about an axis. Its usual form 
is a bar or disk s**t at right angles to the shaft and containing a crank-pin, remote 
from the axis of rotation, to which the force is applied. An iron bnwic^ or support. 
A twist or a turn. 

Bell Crank. — An L- shaped lever by which the direction of motion is changed 
ninety decrees, or more or less, and by which the velocity ratio and range may be 
altered at i)lea.«!ure through making the arms of different lengths. 

Disk Crank. — A disk carrying a crank-pin and substituted for a crank* 

Crank Auger.— See “Auger.” 

Crank Pin.— Sec “Pin.” 

Crank Shaft.->See “Shaft.” 

Creeper Traveler.— Sec “Traveler.” 
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Creosote. — An oily product obtained from distilled coal-tiir with the juldition of caustic 
soda and sulphuric acid. 

Creosoted Lath.-^ee **Lath.” 

Creosoted Timber. — ^Timber that has been thoroughly saturatt^d with creosote oil or 
dead oil. 

Crescent Truss. — See “Truss.” 

Crest. — ^J'he top of an (embankment. Also the high(\st wat(T in a flood. 

Crib. — ^An inner lining of a shaft or w(»ll, consisting of a frame or box of timbers and 
a bacldng of planks, to kceep the earth from caving in. To build up a support by 
placing heavy timbers in layers, the sticks of the cons(»cutive layers generally 
running in directions at right angles to each other. That portion* of the base of 
a pier lying between the top of the deck above this working chamber and the neat 
work of the shaft. 

Basket Crib. — A form for pier foundations in the shape of a basket. This type was 
used on the ('h(»lsea Bridge at Boston. 

Open Crib. — A crib op(m at, the top and bottom. 

Cribbing. — I'iinbers piled (Toss-wise in order to form a support for a load. 

Crimp. — ^To offset an angle by bending so that it will fit over the flange of another 
angle, thus doing away with fillcT plates bc'iic'ath. 

Crimping-machine. -A macdiine which crimps anglers. U.sed in bridge^ slior)s. 

Oipple.-- -'^Fo disables or to weaken. Also to give or to give* way. 

Crippling Load. “Loiul.” 

Crippling Stress. 'S(»e “Stn'ss.” 

Critical-speed. — That spc'ed of a train on a bridge which producers the maximum 
impact. 

Cross Beam. — S(»e “Bcvim.” 

Cross Bond.— «('<! “Bond.” 

Cross Bracing. — S(m» “ Bracing.” 

Cross-cut Saw." Sc'e “Saw.” 

Cross Fibered Wood.- -See “Wood.” 

Cross Frame. — S(h* “ Frame.” 

('ross Girder. -See “GinhT.” 

Cross-grained. — Of in*egular or gnarli'd condition. Applic's to timber. 

Cross-grained Wood. -Sc'e “Wood.” 

Cross-hairs.- -Two very fine hairs or .strands of .spider's web stn'tehed at right angles 
to each other across the focal plane in a transit or li*v(d. 

Cross Hatch. -See “Hatch.” 

Cross-head.- -A machine (dement having the shape of a “T” or a cross, and running 
on guides in ord(T to control and steady the motion of another m(»mb(*r. Often 
us(h 1 on piston rods. 

Cross-head Pin. — Sw “Pin.” 

Crossing. — An int(»rs(»etion. The place where two roads or railroads ero.s.s. The place 
where a riv('r or stream may lx? crossed. The term is ofU'n iis«hI for th('- bridge 
crossing the stn'am or riv(T. 

Grade Crossing. — A crossing where both rojids or tracks are at the .sanx* elevation. 

Oblique Crossing. — A crossing in which the int(*rsc‘(?ting cc'ntre liiuvs make an oblique 
angle with each other. 

Overhead Crossing. — A crossing when* one road or track is above the other. 

Skew Crossing. — Same as “Oblique Crossing,” q.v. 

Square Crossing. — K crossing in which the intersc'cting centre lines are perpendicular 
to (^ach other. 

Under Crossing. — A crossing where on(? of th(' roiuls or tracks is below the other. 

Cross-over. — A connection b(»tween two parallel tracks. 

Cross Riveting. — Sec “Riveting.” 
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Cross-section. — Roo “Section.” 

Cross-section Book. — A 8urveyor\s fic'hl l)ook ruk'd specially for jilotting cross-sections. 
Cross-section Paper. — S(*e “Paper.” 

Cross-section Rod. — Se(» “Rod.” 

Cross Tie.— S(*t‘ “Tie.” 

Cross- wires. — Two v('r>' fine* wires set at right angles to each other iicross the focal 
plane of a lc*v('l or transit. Similar to “Ooss-hairs,” q.v. 

Crow Bar.— See “Bar.” 

Crow-foot Seam. — Sei* “S(‘am.” 

Crown. — ^The lt>p or summit of the curved cross section of a roadway pavement; the 
centre Ixang made* Iiigher than the sidiHj to facilitate draining the roadway. The 
top of an arch ring. 

Crowning Pulley. — Sc'e “ Pulk'y.” 

Crown Thrust of Arch. — Siui “Arch.” 

Crown Tile. -Sec “Tile.” 

Crown Valve. —See “Valve.” 

Crown Wheel.— See “Whe< l.” 

Crucible Cast Steel. — See “Steel.” 

Crucible Steel.— S('e “Stcn l.” 

Crusher. — A machine that crushes or applies a load sufficient to ovcTcome the* (;om- 
pn\ssiv(‘ resistance of any substance; for <‘xample, a “roek-erusher.” 

Crushing. — ^'I'lie bn^aking down of a matcTial due to the* application of a load. 

Modulus of Crushing. — A number denoting the average value of the crushing rc'sis- 
tance of a material. 

Crushing Strain. —Sc'e “Strain.” 

Crushing Strength. — S(‘<‘ “Strength.” 

Crystalline. — 0)nsisting of erj’stals. Relating or pertaining to crystals. Having a 
definite stmeture referable to one of the* crystallographic systems. 

Crystalline Fracture. -See “Fracture.” 

Cubature. — The cubic measure or contents of anything. 

Cubic Curve. — S(‘e “Chnwc'.” 

Cull. —To sort out or sc'h'ct material that dors not m('(*t the' requireniciits of the 
spi’cifieat ions. Any ])iee(» that has been eulh*d. 

Culvert. — A small covered pa.ssage for water und«*r a roadway or einbankiiKiit. 

Arch Culvert. — A (uilvert having an arch roof. 

Box Culvert. -A square or rectangular shaped culvert. 

Dive Culvert. — .\n inv( rted siphon. 

Cumulative Stress. -See “Stress.” 

Cumulative Vibration. — S(*(* “Vibration.” 

Cup and Ball Joint. -See “Joint.” 

('up Dolly. — Sec “ Dolly.” 

Cup Fracture.— S(!C “ Fractun*.” 

Cup Washer.— See “Washer.” 

Curb. — A broiid, circular ring of wood, iron, or stom? f)lac(Hl und(T th(^ bottom 
of a circular wall, as in a shaft or wc*ll, to pn*vent un(>(]ual settlement. The 
outer casing of a turbine* wheel. The edge of a sidewalk next to the main 
roadway. The; wheel-guard in a bridge. I'o strengthen or protect by means of a 
curb. 

Curb Chain.— See “(ffiain.” 

Curb Girder.— See “Girder.” 

Curb Stone. — Sc*e “Stone.” 

Curled Wood.— See “Wood.” 

Current. — The flow of a liejuid or gas, or the mov(^ment of electricity. 

Air Current. — ^Thc moving of air througli space or through a conduit. 



GLOSSARY OF TERMS 


1943 


Current. 

Alternating Current. — ^An electric current of which the direction of flow reverses a 
given number of times per second. 

Direct Current. — An electric currc*iit which flows in the same direction constantly. 

Water Current. — ^A flow of water. 

Current Meter. — S ch^ Meter.” 

Curtain Wall.— See “Wall.” 

Curvature. — amount of curving or bending of a lino, figure, or body. It is moasun'd 
by th(* ratio of tlu^ defl(>ction angle botwcH^n end tangents (measurc^l in radians) to 
the length of the int<»rvc'ning arc!. 

Concave Curvature. — 'Fhe direction of curvature as sexjn from a point on the choni 
joining tlu! (*xtn'niities of the arc. Opposed to Convex Curvatun\ 

Convex C'urvaturc. -The din*<!tion of curvature as scssi from a point on a tangent 
to the curve'. Oppose'd to ('oneave Curvature'. 

Degree of Curvature. — 'rh(' angle in dc'grees subtended by a chord one hundred fei*t 
long. I'SC'd in railroad loe;ation. 

Radius of Curvature. — 'Fhe radius of the circle of curvature. 

Curve. — A line continuously be'iit so that no pe)rtion of it is straight. A continuous 
beiieling; a flexun' without angles. A drafting instniine'nt for drawing curved 
line's. 

Adiabatic Curve. -A eui*ve exhibiting the ndation betw'(*('n the pre'ssure and volume; 
of a fluid upon the' assumption that thc're is no transmission of heat during expansion 
or contraction. 

Algebraic Curve. —.\ curve in which the eepiations in linear coordinates contain only 
the* alge'braie* functions of the coordinates. 

Catenary ("urve. — Same* as a “Catenarj",” q.v. 

Characteristic Curve.- -A curve' which shows the relation existing belwe'en cc'rtain 
fe'atures or jiropertii's of a machine* e)r substan<*e*. 

Compound Curve. — A continuous curve* e*ompose'el of two or more arcs having eliffe'rent 
radii. 

Cubic Curve. — A e*urve of the third degree. 

Cuspidal Curve. -A enirve* e'neling in or shapeel like* a cusp, q.v. 

Cycloidal Curve. -- Same as “Cycloid,” q.v. 

Easement Curve. — .\ cuiwe e)f gradually changing radius for passing from a tange'nt 
te) a cire'ular curve*. Use'el in railnxiding to e*ase the train shock that conu's from 
the* changing e)f the* elire*ction of motion. 

Efficiency (-urve. -A curve* showing the* re'lation of output, to input, or the effiene'iicy 
of a maediine*, apparatus, me'tliod, etc. 

Elastic Curve. -The* e*urve; forme*el by the ne'utral axis of a be*am, as it deflects 
unele'r the* ae’tiein of its own weight, and of the loads upon it. 

Elliptical Curve. — Same as “ hHlipse*,” q.v. 

Epicycloidal Curve. — Same as “ Kpicycloiel,” q.v. 

Evolute Curve. — Same as “Involute,” q.v. 

Harmonic ('urve. — Same as “Sine Curve*,” q.v. 

Hyperbolic Curve. — Same as “Hype'rbola,” q.v. 

Inverted Catenary Curve. — A curve formeel by re'vedving the orelinary eiatenary 
eme huneln'd anel eighty degre'cs around its major axis. 

Involute Curve. — Same* as “Jnvolut.e." 

Irregular Curve. — A draftsman’s toed fe)r einiwing curve'll lines of varying raelii. 

Lemniscatic Curve. — Same :is “Ije'mniscate,” q.v. 

Logarithmic Curve. — A curve* in which the* onlinati* are* logarithms of the corre*sponeiing 
abse;issa'. 

Logarithmic Spiral Curve.-— A spiral curve in which the radius vectoi varies as the 
logarithm of the angles. 
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Curve. 

Mechanical Curve. — Samo as ‘‘Transcendental Curve,” q.v. 

Neutral Curve. — The curve of the neutral axis of a loaded beam. 

Ogee Curve. — A n^versc ciuve formed by the union of two circular arcs of opposing 
curvature, iisi*d in arehitectiu*e. 

Oval Curve. — Same ius “Oval,” q,v. 

Parabolic Curve. — Same as a “Parabola,” q.v. 

Periodic Curve. —A curv(^ whi(;h represents a repeating, or periotlic function. 

Plane Curve. —A curve lying in one plane. 

Railroad Curve. — Curve used on railways or railway work. Also a draftsman’s tool 
or t(Mnplate for drawing such curve's. 

Regular ('urve. — Same as a “Simple Curve,” q.v. 

Reverse Curve. — A continuous curve formeHl of two arcs of opposing curvature?. 

Simple Curve. — In rai1n)ad we)rk a circular ai‘c extending from one? tangent to the 
iie'xt ; a curve of constant rjulius. 

Sine C'urve. — A curve in which the abscissa is prr)portional to the angle, and the 
ordinate is pro])ortional to tlie? sine of the angle. 

Spiral Curve. — Same* as “Spiral,” q.v. 

Transcendental Curve.— A curve expre^sseul by an eepiation containing transcendental 
functions of one or more of the ordinates. 

Transformed Catenary Curve. -Same as “Transfeirme'el Catemary.” Se*e? “C^ate'iiiiry.” 

Transition Curve. — Same as ‘‘ Ejise'iiu'nt Curve,” q.v. 

Vertical Curve. — A cui-vc in a vertical plane, usually a parabola, connecting two 
gnuh? tangents of a roalway or railroad. 

Curved Girder. -See “Girder.” 

Curved Line. -See* “Line.” 

Curved Top Chord.— Sec “Chord.” 

Cushing Pile.— Sec “Pile .” 

Cushion. — A confine'd boely of air or ste'ani which serve's under pressure as a buffer 
to absorb impact. 

Air Cushion. — A buffer using air te> absorb impact of a moving mass and griulually 
to bring it to rest. 

Cushion-coat. — A layer of material useel in pave»merits, from one-half to one inch thicks 
placcel between the? wearing surfae!e anel the foundation. 

Cusp. — ^A pe)int in a curve where? two branches have a common tangent. The inter- 
se?ctioii of two curve's. 

Cuspidal Curve. — Se?o “Curve.” 

Cut Gear.-^Se?e “Ge*ar.” 

Cut Nail. — See? “Nail.” 

Cut-off. — A elevice for cutting off the passage of steam from the steam chest to 
the ciylinder of an e'ngine?. A ehanni'l cut thn)Ugh a narrow neck of land to 
straighten a river. That point where pile> or timbers are saweel off after bc'ing put 
in place. 

Cut-off End. — ^That part of a pile that has been saweel off or waste'el after the pile is 
in j)Uic?c'. 

Cut Spike. — Se*e “Spike.” 

Cut Stone. — See? “Stone.” 

Cut Stone Masonry. —See ‘‘ Masonry.” 

Cutter. — A sterl tool for cutting nu'tals. Also the cutting edge on a cutting 
machine. 

Bar Cutter. — A shc?aring machine' wliich cuts metallie? bars into le'ngths. 

Cold Cutter.— Same as “Cold-cut,” q.v. 

Glass Cutter. — A hand tool having a diamond e'dge whee*! mounted on a shaft, used 
for cutting glass. 
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Cutter. 

Hot Cutter. — tool for cutting metal which has been softened by heating. 

Pinhole Cutter. — ^An apparatus for cutting pinholes in the chords or web nic^mbers 
of a truss. 

Pipe Cutter. — ^A plumber’s tool consisting of two beveled edged steel cutting wheels 
mountcxl in an adjustable jaw that partly c^neircles the pipe. A rotation of the 
tool by a suitable handle and the closing up of the jaws severs the pipe?. 

Pneumatic Cutter. — A cutt(T operattxl by compressed air. 

Rivet Cutter. — A hand tool, similar to a cold-cut but with edge sharpenc’d on a mon? 
obtuse angl(«, uswl for cutting oflF the heads of driv(‘n rivc*ts. 

Stone Cutter. — A workman skilknl in the art of cutting and dr(\ssing stone. 

Thread Cutter. — A tool, consisting of a stock and sc‘t of dies, used for cutting threads 
on rods and pipes. 

Cutting Edge. — ^Tlie edge of the tool which does the cut^ting. The edg(' of timber or 
steel angles phuMMl oti the bottom of the working chamber of a caisson. 

Cutting Tooi.--See “Tool.” 

Cutwater. — A starling; the projecting ends of a bridges pier, etc. Usually so shapc'd 
as to allow water, ice, drift, etc. to strike without injury to the stnicture. 

Cycle. -A complete revolution. Any recurring pc'riod in which a series of events or 
phenoriKMia tak(‘s place. A series that repeats itself. A series of operations by 
which any product is finally rc'ston'tl to a primary condition. 

Cycloid. — A curve generated by a point on thc» circumf(T(»n(;e of a circle when the 
circle is rolled along a straight line and kept always in the same plane. 

Cyclopean Concrete. — “Concrete.” 

Cylinder. — A solid of revolution g(»n('rat('d by a rectangle rotating about one of its sides. 
A machine? element, having a circular bore. 

Air Cylinder. -A nearly air-tight hollow cylindcT having a piston moving in it. 

Steam Cylinder. — ^I'lie chambcT of a st(»am engine in which the force of steam is 
ex(‘rted on a piston. 

Water Cylinder. — The cylinder in a pump by means of which and the moving piston 
therein wat(T is forced into an exterior main. 

Cylinder Pier. — S(*e “Pier.” 

D 

Damper. — A door or valve for :ulmitting air to a furnace 

Dangerous Section. —See “Section.” 

Dap.— I'o notch a timlxT on its bearing. 

Dapped Joint. — See “Joint.” 

Dash-pot. — A cylinder containing a loosely fitted piston and partly filled with fluid, 
used to check siiddim movements in the parts of a maehiiK'. 

Datum. — A fact ('ither indubitably known or treatcnl sus su(;h for the puipose of a 
particular discussion. A known reference. A point., line, or plane used £is a basis 
for n*fen’ing measurements. 

Datum Line. — S('c “Line.” 

Datum Plane. — See “ Plane.” 

Day Foreman. —See “Foreman.” 

Day Superintendent. — S<'e “Sup(Tintendcnt.” 

Deadening Dressing. —Sec “Dressing.” 

Dead Load. — Sec “Load.” 

Dead Load Stress. — See “Stn'ss.” 

Dead-man. — A timber, log, or beam buried in the ground for anchorage. 

Dead Melt.— See “Melt.” 

Dead-points. — ^Thc two points in the revolution of a crank where the crank arm is 
parallel with the rod which connects it vrith tlu' moving power. 
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Dead Pulley. — Same iis “Loose' Piill(*y,“ q.v. 

Deck. — Tho floorinp of a bridge. 

Double Deck. -A condition of a span having two decks, one over the oth(T. 

Intermediate Deck. — A deck bc'tween two othcT decks, or at soiimj distance vertically 
from (‘itlier chord. 

Lifting Deck. — A deck without Irusse's which raises or lowera vertically. 

Lower Deck. — The bottom dc'ck of a span. 

Upper Deck. — Hie top deck of a span. 

Deck Beam. — See “ B(»am.” 

Deck Bridge. — Sec “Bridge.” 

Deck Cantilever. — See “(Cantilever.” 

Deck Girder.— 'See “Girder.” 

Decking. —Flooring. Same' as “Dcrk,” q.r. 

Deck Plate Girder. --See “Girder.” 

Deck Span. — See “Span.” 

Deck Truss. — S('e “Truss.” 

Declivity. -A downward slope or d('scent of the ground. 

Deflection. —A lat(‘ral motion, a motion at right angk's to tin* lengtli of the pit'ce. 
Also th(* amount of such motion c*xpressed in some liii(*al unit as inch(*s. 

Dynamic Deflection.- -The additional dc'flection causcH.1 by the live load being in 
motion. 

Static Deflection. — Deflection due to a quiescent load. 

Deflection Indicator or Deflectometer. — \n apparatus for measuring the deflc'ction 
of bridge' spans. 

Deformation.— Change* of form. A change of shape in a memlx'r or combination of 
membei*s without any breach of the continuity of its parts. 

Elastic Deformation.— A change of shape' without impairinc'nt of thi* <*lastie propertic'S 
of the mat(*rial. A deformation with r<*sulting stress inside* of the* e*lastie limit. 

Residual Deformation.-- De'feirmat ion le'ft in a ini'inber afte*r the force's ctiusing same 
have bee'n removeel. Same as Pe'rinane*nt Se‘t. 

Truss Deformation. -An alteration in the le*ngths and positions i»f the me'inbc'rs 
compeising a truss. 

Deformed Bar. — Se*e “liar.” 

Density. The* mass or amount of matter pe’r unit of vedume. 

Departure. — .V term useel in surve*ying tei denote the* i)e*rpe*iielie:ular distance* from one 
e)f two assumed ree-tangular eoe)reliiiate.s — eifte*n from the one* running iieirtli anel 
south. 

Depreciation. — Hie loss of value* in a plant or struedure during a course* eif ye*ars as 
m(*asure*el by the difTe're'ue’e; betwe*en its fii-st cost anel its salvage* value at the enel 
of the allot te*el time. 

Depth. — The; eleiwnwarel elistaiice; from the surf:ie;e' or teip. The* te-rm ge'ne*rally e!arries 
the* ide*a of veTticality; but sue*h is ne)t always the; e;ase*; feir instaneiC, the ele*pth 
of any b(»am that is incline*el te» the; heirizontal is m('asure*el in a elire*ctie)n p(*rpe*nelie;ular 
to its length, anel, the*refore*, em a line; ine*line*d to the; ve*rtie*al. 

Arch Depth. — The* ele*i)th of the* arch ring at any point at right angle’s te) the axis. 

Economic Depth. — That ele*pth of tniss or ginle*r, which, whe*n (*ve*rything is con- 
siele;refl, will give; re*sults that are .satisfactory from all stanelpoints and invedving 
the U*a.st expe*nditure; of mone*y for properly combine*d first e;ejst, ojie'ratiem, niaint.e> 
nance, anel rejjairs. 

Effective Depth. — The pf*rpe*nelicular distance be*twe*e*n the gravity lines of a truss 
or girder. 

Truss Depth. — ^The v(*rtical distance; between the ce*ntre; lines of the upp(*r and lower 
chords. 

Derailing Apparatus. — device or mechanism used for derailing trains. 
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Derailing Switch. — Socj ** Switch.” 

Derrick. — ^An apparatus for lifting and moving heavy weights. It is similar to the 
crane; but differs from it in having the boom, which corresponds to the jib of 
the crane, pivoted at the lower end so that it may tak(j different inclinations. 

Bull- Wheel Derrick. — A d(Tri<;k with a bull wIum'I attachcnl to th(? bottom of the 
mast in order to swing the dcn*ick by ropes running to the hoisting engine. 

Floating Derrick. — A movabk^ (h'lrick ercjctcd on a special boat, barge, or vessel. 

Gin Pole Derrick. -Sen^ ”Gin Pok^.” 

Gin Type Derrick. -A framework with four stiff legs, used in borings, or for lifting 
pipes in trendies. 

Guy Derrick. — A (h'n'ick in which tlui mast is guyed with cabh^s to an anchorage. 

Stiff Leg Derrick. — A (h'lric^k where stiff legs, usually of timber, lake the placw? of 
guy line’s for staying the mast. Tile’s*' stiff Ic’gs are attached to horizontal timbers 
which in turn an’ faste’ne’d to the bottom of thci iruist. 

Design. — To proi)ortion all the parts of a stnicture. A plan, or plans, showing the 
various jiarts of a structure, tla’ir size’s, and n’lations. 

Detail.- -On*’ of th*’ snialk'r jiarts into which any constru*!tion or design may be divided. 
T*i go into particulars. T*) <lraw tli*i particular parts. 

Detail Drawing. —S*‘e “Drawing.” 

Detailing. -The a**tual w*)rk *)f ])lanning an*l *lrawing the different parts and the 
*!*)nnections of any structur*’. 'rii*? snialk’r piirts of any e*>nstruction, speaking 
of tlK’iii as a cliiss. 

Detail Paper. — Se*» “Pap*'r.” 

Deviation, -’^rii*' variation or (l**fl<’*’tion from a straight, line or ***)urs*’. 

Diagonal. — A in*'iiil)*’r ninniiig obli*pi<‘ly a*Toss th*’ ])an*’l *)f a truss. Any ol)li*pi*’ lin**. 

Lateral Diagonal. — A diag*)nal iii*’nih*‘r in a kit*’ral syst*‘ni. 

Main Diagonal. — \ web diagonal ni*’iiib*’r j*)ining the top an*l laittom chonls of a 
truss, an*l taking its greatest stn’ss when not less than one half of th*’ span is cov*’r*'tl 
by the live load. 

Sub Diagonal. - An iiiteriiu’diate w(’b diagonal joining a chord with a main diagonal. 

Diagonal Bracing. See “Bracing.” 

Diagonal Tie. — S***’ “'fi*’.” 

Diagonal Wrench. -Se*‘ “Wr*’n**h.” 

Diagram. — A sketch, outline, or sk*’leton drawing. A record made by cur\’^*\s plotted 
on *!n)ss-s*’**.ti*)n ])ay)*’r. 

Clearance Diagram. — A diagi'am us*h1 in bridge di'signing showing th*' h*jrizoiital 
and vertit’al ck‘aranc*'s in a structure. 

Displacement Diagram. — A diagram in which the n'lativ*' position of points reim'sents 
in magnitude and direction th** n’lative *lisplacH'ment of partick’s. 

Double Tracing Diagram. - -A *liagram on cross-s*’*’ti*)n pap*'r containing two r*’lat*’*l 
gr*)ups of curv*’s, and involving four vai-iabk’ *iuantities. See Figs. iMUU 
and 55}’/'. 

Erection Diagram. A ski’leton tlrawing *)f a tniss or span showing all pic’ces in th*'ir 
r*’lative posit kins, pniperly lettered and numbi’n’d in *)rik’r to fa**ilitat*’ the proc*’sa 
*if *’r*’*;t.i*)n. 

Force Diagram. -A diagram in which the amounts an*l tliivctions of forces are 
r*’pr*’sent*’*l by lin*'s f*)r the jiurpose of fiiHling their n’sultant. 

Frame Diagram. -A *liagram *)f a frame in which the positions of the axes of the 
joints are shown by points, while the rigkl conn*’ctions are shown by lines bi’tw*’*’n 
them. 

Graphic Diagram. — A diagram in which lines arc drawn to represent the elements 
of a probk’in. 

Indicator Diagram. — ^Th*^ diagram showing th*' relation between pressure and piston 
travel in an engine cylinder, as traced by indicator. 
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Diagram. 

Load Diagram. — diagram showing the amounts and arrangement of loads on 
a structuro. The diagram taken off an engine by an indicator. 

Locomotive Diagram. — \ diagram showing the whec*! loads and spacings in a loco- 
motive. 

Moment Diagram. — A curve showing the values of the bending moments in a beam 
or truss at. various sc'ctions ther(H)f. 

Packing Diagram. — A drawing showing the arrangement or packing of the parts 
of a composite inembcT or the disposition of several membei’s m(H>ting at a panel 
point. Refers generally to arranging truss members on pins in pin-connected 
stinctures. 

Shear Diagram. — A diagram showing the variation of the shear along a beam or 
truss. 

Skeleton Diagram. — X diagram which show's the general pcTipheral outline and the 
main members in a tru.ss. 

Stress Diagram. — A skeh'ton drawing of a truss, upon which are written the stresses 
in the difFerent members. Also called “J3iagram of Stresses.” 

Williot Diagram. — See ‘‘^^’illiot Diagram.” 

Diagram of Stresses. — Same as “Stres.s Diagram,” q.r. 

Diagram of Weights. — A syst(un of riglit lines or curves giving the weights of mct:il 
or portions of smne per lineal foot of structurti for bridges, tn*stl(*s, etc. 

Diametral Pitch.— See 'M*itch.” 

Diametral Plane.— See Plane.” 

Diamond Drill. -Se e Drill.” 

Diaphragm.- A thin plate or partition across a bridge member to stiffen the same. 
Diaphragm Plate. — S(‘e “Plate.” 

Die. — A stcM'l former or dt*viee for shaping, impressing, or cutting out something. 

Pipe Die. — A tool for cutting threads on a pii)e. 

Dies. — ^Two flat plates of hardened steel having a semi-circular groove c,ut in the edges 
making contact wdth c'ach other. This groove has an inlcTiial thread, so that, when 
the two pieces arc brought together in a stock a female screw is formed. It is 
used for cutting threads on rods, bolts, etc. 

Die Stock.— See “Stock.” 

Differential. — An infinitesimal differemee between two values of a variable quantity. 

Also often used for the (*xpression “differential gear.” 

Differential Block. — S(*(* “Block.” 

Differential Capstan. — See “Capstan.” 

Differential Coefficient. — See “ C'oefficient.” 

Differential Coupling. — See “('oupling.” 

Differential Gear. — See “G(*ar.” 

Differential Jack. — See “Jack.” 

Differential Pulley. — See “ Pulley.” 

Differential Screw Jack. — Se(! “Jack.” 

Differential Tackle. — Sana? as “Differential Block,” q.v. 

Differential Windlass. — See “Windla.sH.” 

Dike or Dyke. — A moiinrl of earth built to prewent the overflow of rivers or of the sea; 
also to k(‘ep the channels of rivers, stn^ams, etc., in one ()osition. A timber con- 
struction to protect a river bank against erosion or to form land by dcjposition of 
scHlirnent. 

Puddle Dyke. -A flyke with a puddle wall nmning longitiirlinally through it. 
Dimension.— Bulk, .size, extent, or capacity. Thes length, width, height, etc., in units 
of measure. 

Dimension Stone. See “Stone.” 

Dinkey Engine.- Same as “Dinkey Loconiotiv<‘.” Sec “ Tjocomotivc.” 
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Dinkey Locomotive. — See “Locomotive.” 

Dip. — ^Thc inclination to the horizontal of any stratum of earth or rock. 

Dipper Dredge. — See “Dredge.” 

Direct Stress. — See “Stress.” 

Direct Tension. — See “Tension.” 

Direct Wind Load Stress. — See “Stress.” 

Disc or Disk. — A flat circular pierce of matcTial. 

Screw Disc. — A plate? or casting circular in plan, shaped like the thread of a screw, 
or having a helicoidal surface. 

Discharge. — A flowing out. Uscxl in connection with the amount of liquid passing 
through an orifice? in a unit of time', or the amount of water in a stream passing 
a give'n cross-section in a unit of time. 

Discharge Valve.- -Se»e “Valve?.” 

Discount. — An amount deducted from a sum owing, or to be paid. To deduct such 
a sum of nione'y. 

Bank Discount. — ^The advance'd paymemt of inttTe'st elomanded by the bank at the 
time? e)f making a loan. It is computed as simple interest on the face value of 
the? note fe)r the? time given. 

True Discount. — ^The present worth of the interest computed on the face value of 
the note. 

Disk. — Same as “Disc,” q.v. 

Disk Coupling. -SeH? “Coupling.” 

Disk Crank. '-Se»e “(^rank.” 

Disk Pile. - Se*e “Pile*.” 

Displacement Diagram.-— Se*e “Diagram.” 

Ditch. — A tre*noh made hy eligging. A narrow opem passage for water on the surface 
of the? ground. 

Dive Culvert. -Same* as “Syphon,” q.v. 

Diving-bell. — A me*chani(*al e*e)ntrivance consisting of an inverte'el, or bell-shaped, 
chambe*r fille*d with e*e)iiiprosseel air in which ])erse)ns are lowered be*neath the 
wate*r for the e*xainination eif the foundatieni of bridges, etc. 

Diving Dress or Diving Suit. — A submarine armor used for the same purpose as that 
of a eliving be*ll, q.v. 

Division Wall.— S«-c “Wall.” 

Dock.— An ene-lose'el, eir partially enclosed, water-space in which vesse'ls, barges, etc., 
are lo:wle*el anel unloaeled. 

Dry Dock. -A eiock from which water is withdrawn after the vessc'l is floated in for 
repairs. 

Wet Dock. — A dock wIwtc? vessels are placed to load and unload. 

Dog. — A name for various nu'chanical dt'vicra, tiH)ls, etc., that usually grip something. 
The gi*a])pling iron which lifts the monkey, or hamm(*r, of a pik* driver. Any 
part of a miu'hine acting as a claw or clutch. A click or pallet which restrains the 
back action of a rat(?het whe(*l. 

Bench Dog. -A hook-shaped iron Listened to a b(*nch for holiling in place materials, 
such iis wood. 

Cant Dog. — Same* si.s “(^int Hook,” q.v. 

Chain Dog. - -A lumbc'r i?hain having on each end a hook to be driven into logs that 
go to make up a raft. 

Eye-bar Dog. — A sp(*cial jinir of tongs for lifting and moving eye-bars. 

Girder Dogs. — A special jiair of dogs used feir lifting and moving girders. 

I-Beam Dog. — A special pair of dogs for lifting anel moving I-beams. 

Raft Dog. — An iron bar with ends bent over and pointed for securing logs togetlu*r 
in a raft. 

Ring Dogs. — A pair of dogs connected by a ring. 
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Dog. 

Sling Dogs. — pair of dogs that have the outer ends of a cable sling fastened to the 
straight ends of the dogs. 

Span Dogs.— Same as ‘‘King Dogs,” g.v. 

Timber Dogs. — A special pair of hooks for hoisting and moving timber. 

Dog Head. — ^Sec “Head.” 

Dog Hook. — Sec* “ Hook.” 

Dog Iron. — A short bar of iron forming a kind of cramp with its ends bent down at right 
angles and point(*d so iis to hold together the two pieces into which they are driven. 
Often the term ' Dog Ii-on” is list'd for “Dog Hook.” 

Dolly. — An extc'iision pic'ce placed on the upper end of a pile when the head of the pile 
is below the leads of the pile driver and out of reach of the hammer. A follower. 
A snap hc'iul; a tool with an indc'iitiHl head for holding {ho. head of a rivet and 
absorbing impact while* the other head is being driven. 

Air Dolly. — A dolly operatt*d by compressed air. Used between two beams. 

Bar Dolly. — A goose-neck or horse-dolly which has an indc*ntation for a rivet head 
at each end. 

Bent Club Dolly. — A club dolly having a bend in the hammer or anvil. 

Bent Dolly. — A dolly with a bent offset at the centre and only one end having the 
cup-shaped indentation for the riv<*t h(*ads 

Club Dolly. — A dolly with a steel hammer head and an iron handle attached. The 
smaller end of the hammer head h:us a cup-like ind(*ntation for holding the rivet 
head. Usually a maul is held against the big end of the hammer head while rivets 
are being driven. 

Combination Dolly. -A double headed tool used for driving four different sizes of 
rivets. Usually balanced on a chain. 

Corrugated Dolly. — A straight dolly with one cupped end, the other being an oval 
knob. 

Cup Dolly. — Any dolly that has a cupped end for receiving rivet heads. 

Flat Dolly. — A hammer h(*:ul(*d dolly, flat on both faces for flattening rivet-heads. 

Goose-neck Dolly. — A dolly that has a quickly curved bend n(*ar one end, with both 
ends aiTahgcd for receiving rivet heads. 

Heel Dolly. — A tee-heatled dolly, having the far end rounded with a hole for a seven- 
cightlis {Ji) inch bolt located one and seven-eighths (IJi) inches away from the 
centre of the tee heiwl. Also a dolly with a long sluift and a short right-angled 
bend at one end, the cup being in the short (*nd. 

Horse Dolly. — Same as a “ Goose-neck Dolly,” q.v. 

Ring Dolly. — A dolly having a handle attached to two circular plates. These plates 
have a series of holes near the circumference on one sidi* and a bucking bar on the 
other. A tap bolt goes through any of the holes and fastens to the handle, thus 
placing the bucking bar at any angle requirc*(l 

Screw Dolly. — A straight dolly with a shaft that screws into the head. Used between 
beams for bucking up. 

Spring Dolly. — A dolly having a heavy hammer head attacherl to a long handle. 
Each end of the hammer has a cup to receive* the heads of the rivets during 
driving. 

Straight Dolly. — A cup-shaped dolly with a straight head and shank. 

Dolly Bar. — Sec “Bar.” 

Dolomitic Limestone. — See “ Limestone.” 

Dolphin. — A cluster of piles drivim some distance ahead of the ends of the channel 
span piers of an opening bridge to protect the faces of the piers against blows 
from passing ves.sels. 

Donkey Engine. — See “Engine.” 

Donkey Pump.— See “Pump.” 
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Dorchester Sandstone. — Sec “Stone.” 

Doty Tie.— See “Tie.” 

Double Bitted Axe.— See “Axe.” 

Double Blocks.— See “Blocks.” 

Double Bowstring Truss. — S(»c? “Truss.” 

Double Cancellation. — Sec “Cancellation.” 

Double Cap.— S(M‘, “Cap.” 

Double Concentration. — S(m; “Concentration.” 

Double Deck.— Se(^ “Dock.” 

Double Drill.— See “Drill.” 

Double Endcr Locomotive. — “Ix>confiotive.” 

Double End File.— S(m^ “File.” 

Double-faced Hammer. — S(Hi “Hammer.” 

Double Flemish Ixiop Knot. — S(m* “ Knot.” 

Double Intersection. — Same as “Double* Cancellation,” q.v. 

Double Intersection Truss. — S(*e “Truss.” 

Double Joint. — S(*(^ “Joint.” 

Double Knot. — S(*e “ Knot.” 

Double Lacing. Ser* “Lacing.” 

Double Latticing. — Same as “Latticing,” g.r. 

Double Locomotive Excess-load. — See “Locomotive Kxcess-load.” 

Double Piston Locomotive. — Stn* “Tjocoinotive.” 

Double Refined Iron. Sc*e “ Iron.” 

Double Rim Bearing Draw. — S(*e “J>aw.” 

Double Rim Bearing Turntable. — Sch^ “Turntable.” 

Double Riveted Lacing. — S(m* “Lacing.” 

Double Riveting. See * ‘ Ri vet ing.” 

Double Rotating C'antilever Draw. — See “Draw.” 

Double Shear. See “Shear.” 

Double Shear Steel. See “Steel.” 

Double Speed Pulley. — S(m* “ Pulley.” 

Double Triangular Truss. — See “'Fniss.” 

Double Truck Tank Locomotive. — See “locomotive.” 

Double Wrench.— See “ Wnmeli.” 

Douglas Fir. — A species of the pine family found on the Pacific Cojust. Crows 
very largo and furnishes hard dural le timber. 

Dovetail. — A manner of making joints by having a series of pmj(M;tions in one i^ieco 
fitting into corresponding n*c(*sses in another pic»(!c». A joint in earpentc'r work. 
It is a poor joint in t imber where much stress has to be provided for. 'Fhe shape 
of the tongue of th(* joint is like that of the spr(*ad tail of a dove. 

Dovetail Joint. — Sen* “J«)int.” 

Dowel. — A straight pin of wood or metal driven part >vay into each of the two facc^ 
which it. unit('s. Also called a dowel-pin. 

Dowel Joint. —Sw “Joint.” 

Dowel Masonry. — See “ Masonry.” 

Draft. — The il(*])t.h to which a floating vessel or box sinks in the water. Also a cut 
or a gi’oove. 

Chisel Draft. — A tool uschI for drafting stone. The cut in stonework made by such 
a tool — genendly at tlu^ e<lges of th«* stones. 

Margin Draft. — \ chis(*l draft around the c*tlgea of a stone. 

Drafted Dressing. — S(h? “ Orrasing.” 

Drafted Stone.— See “Stione.” 

Drainage. — ^"Fhe run-off in a drainage area. A system of piping to carry off water. 
Drainage Area. — See “Area.” 
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Draught. — A drawing. A n:u*row h'vol strip which a stono-cuiter first cute around 
the cMlgcs of a rough stoni*, to guide him in dressing oil the face thus enclosed by 
the drauglit.. To make drawings. Spc'lled also “draft.” 

Draw. — ^TIm^ inovabh? portion of a draw-bridge. To make drawings. To haul. 

Centre Bearing Draw. — A swing span supported on a central pivot. 

Double Rim Bearing Draw. — ^A draw span supported on two rims or a double drum. 

Double Rotating Cantilever Draw. — ^A movable structure composed of two adjacent 
swing si)ans, the inner ends of which are mechanically connected, and the outer 
ends of which engage with anchorages. 

Revolving Draw. — A draw' w’hich turns in a horizont al plane. 

Rim Bearing Draw. — A sw'ing span supf)orted on a rim or drum. 

Rotating Draw. — Same as “Revolving Dmw,” q.v. 

Wedge Bearing Draw. — \ swing span in which llie live load, or a portion thereof, 
is carried by wedges under the chords of the trusscis. 

Draw Bridge. — See “ Bridge.” 

Drawing. — ^The acjt of ])ulling or hauling. The making of a plan on i)ap(T, etc. Also 
the plan itself. 

Detail Drawing. — A draw'ing on a large scale showing all small parts, dimensions, 
details, etc. 

Erection Drawing. — Same as “Erection Diagram.” Scu^ “ Diagram.” 

General Drawing. — .\ draw'ing show'ing the elevation, plan, and cross-section of the 
structure — also the borings for substructure and the main dimensions. 

Perspective Drawing. — A drawring showing in perspective any structure. See 
“Persp(»ctive.” 

Picture Drawing. — A general drawing attempting to show as a picture the actual 
way the stnicturo would look. 

Shop Drawing. — \ drawing of a structure or machine^ showing all parts and dimensions 
so that the shop can actually build what is indicated on the drawing without 
other information. 

Skeleton Drawing. -- Same as “Skeleton Diagram.” See “Diagram.” 

Working Drawing. — ^Any draw'ing showing all the parts and dimensions with other 
information pertinc*nt to const nict ion, so that whatever is showoi can be built 
without other draw'ings or iastructions. 

Drawing Down. — ^llc'ducing gradually the sectional area. 

Draw Plate. — Sec “Plat(?.” 

Draw Rest. — A pil(^ and timber stnicture, ballastiHl with rock, built approximately 
at riglit angles to th(* bridge tangent and extending up and down stream so as to 
underlie - the draw span w'hcn it is op<in, tlnTcby affording j)rotection from 
piissing ves.s(;ls and providing a su[)i)ort for the ends of the span when open. Built 
sometimes of ma.sonry. 

Draw Span. — See “Span.” 

Dredge. — An ai)paratus or machine for lifting mud, sand, silt, and small bouldc^rs 
from the bottom of a stream or the bed of an arm of the sea. To excavate with 
a dr(‘dg(\ 

Bucket Dredge. — A dredge which hoists out the material by the use of buckets 
usually attach(‘d to an endk‘ss chain. 

Clam-shell Dredge. —A dredge using a clam-sh(;ll bucket attached to a hoisting 
apparatus like a derrick. 

Dipper Dredge. — A dredge using a dipper or cubical bucket mounted on the end of 
a boom. 

Featherstone Dredge. — One of the many types of dipper dredges. 

Ladder Dredge. — A dredge having buckets mounted on an endless, ladder-like chain. 

Orange-peel Dredge. — A dredge using an orange-peel bucket attached to a hoisting 
apparatus like a derrick. 



GLOSSARY OF TERMS 


1953 


Dredge. 

Scoop Dredge. — dredge provided with one or more scoops 

Steam Dredge. — ^A dredge operated by steam. 

Dressed Ashlar. — Sec ''Ashlar.’^ 

Dressing. — ^Thc sizing, shaping, and facing of stones for masonry work. 

Axed Dressing. — ^A finish in stonework as left by the mason’s axe in dressing the 
face to a plane surface. 

Boasted Dressing. — ^A finish in stonework wrought with a chisel or narrow tool. 

Broached Dressing. — A finish in stonework wrought with a ''punch” after the 
surface has beem droved. 

Broken Axed Dressing. — A stonework dressing made with an axe to resemble 
"Crandallod Dressing,” q.v. 

Bush Hammered Dressing. — A finish in stonework wrought with a bush hammer. 

Chiseled Dressing. — Same as Boasted Drt^ssing,” q.v. 

Columnar Stroked Dressing. — ^A droved dressing in masonry in which the flutes 
are like those; in a column. 

Crandalled Dressing. — A finish in stonework in which the face of the stone is dressed 
to a plane with a crandall. 

Deadening Dressing. — crushing or crumbling of soft stone under the tools 
while being worked, leaving irn'gularities in the; finished surface. 

Drafted Dressing. — A finish in stonework having a naiTow chisel-draft cut around 
the face or margin. 

Droved Dressing. — A finish in stonework wrought with a broad chisel or hammer 
in parallel flutings across tlu; fa(;(; from end to end. 

Fibrous Stroked Dressing. — A strokcnl drf;ssing in masonry in which the flutings 
are mfwlc» wavy and lik(‘ fibres in appearance. 

Fine Pointed Dressing. — A tyfx; of slone dressing in which the surface left by rough 
pointing is reduced to a degree; of siiuMithness such that no part projc'cts more 
than a <iuart(*r of an invh b(»yond the pitch fsu;e. 

Hammered Dressing. — A finish in stonework wrought with a mason’s hammer. 

Herring Bone Dressing. — A type of stone dressing mtide by cutting flutings in a 
diagonal direction on tlu* face of the stone. 

Nidged Dressing or Nigged Dressing. — In stonework a finish pickcnl wdth a pointed 
hammer or cavil. 

Patent Hammered Dressing. — ^A foim of stone facing mjwh' with a patent hammer. 

Pean Hammer Dressing. — A form of stone facing mmle with a pc'an hammer. 

Picked Dressing. — A facing of stonework made by a masoirs pick in reducing the 
surface to an approximate plane. 

Pitched Dressing or Pitched Faced Dressing. — In stonew’ork, a finish dn^sscxl to 
neat lines or edges with a pitching <;hisel. 

Plain Dressing. — In stonework, a facing rubbed smooth to rt'move tool marks. 

Pointed Dressing. — ^A form of stone facing made by chipping off projections with 
a mason’s point or similar tool. 

Polished Dressing. — A finish in stonework made by nibbing a tooled surface down 
to a reflecting surface. 

Prison Dressing. — A type of stone dressing in which the surface is wrought into 
holes. 

Quarry Faced Dressing. — Same as “Rock Faceni Dressing,” q.v. 

Random Tooled Dressing. — In stonework a finish cut with a broad tool into irregular 
flutings. 

Rock Faced Dressing. — ^The facing on stonework left rough tus it comes from tlu; 
quarry. It may be drafteii or pitched so as to nnluce projecting points on the face 
or to given limits. 

Rock Work Dressing.— Same os "Rustic Dressing,” q,v. 
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Dressing. 

Rough Dressing.— Sumo as “Rook Faced Dn'ssing,” q.v. 

Rough Pointed Dressing. — A typc^ of stone dressing which presents an irregular 
siu^ace, but hius no projoolion excecniing a half inch from the surface of the pitch 
face. 

Rubbed Dressing. — Same jis “Plain Dressing,” q.v. 

Rustic Dressing or Rusticated Dressing.- -A form of stone facing that proj('ct.s 
beyond the arrises, w'hioh ani bevcdcnl or drafted. The proje^cting face may be 
dressed in any desinxl form. 

Scabbled Dressing. — A form of stone dressing for rubble masonry in wiiich the 
angular projections of th(' stoiu's have* bc'cm tlrt'ssc'd olT with a stone-axe, or hammer. 

Smooth Dressing. — Sana* as “ Plain Dressing,” q.i\ 

Square Droved Dressing. -A finish in stonework made by fluting tin? face peipen- 
dioular to the 1 ow(t (‘dg(‘ of the stone. 

Striped Dressing. — A dn*ssing in stonework wrought by a mason’s point or punch 
producing pm-allel gi’ooves. 

Stroked Dressing. — Sana' as “Drovcnl Drc'ssing,” q.r. 

Tooled Dressing. — A dressing in stonework in which the faec^ of tla' stoia* is toohnl 
to a plane. 

Tooth-axed Dressing. -A form of stonework dressing made with a toolh-axc*. 

Toothed Dressing. — A type of stone* dn'ssing made* with a mason’s tooth chise*!. 

Vermiculated Dressing or Worm Work Dressing. -A type of stonework finish in 
which veins are made by cutting away portions of tiu* face. 

Drier. — ^A material containing mt'tallic compounds jaldc'd to p.ilnts and painting 
mat(*rials for tla* puriiose* of aecelc*rat ing the drying. 

Drift, — A horizontal or inclined passage in a tunia'l. To floai away with a current. 
Debris, such as tree's, tirnbe'rs, brush, e'te*., e*arrie‘el aleing by fre*she'ts. To match 
hole's in steied wejrk by elrift-pins. To swing brielge members into plae;e* by me*ans 
of a double set of ropes anel blocks, one set releasing as tlie' .other set taki'S up. 
To ('nlarge a hejle' with a conie*al pin. 

Drift Boll.— Se'c “Bolt.” 

Drift Ice. — Masse's of de*tae*he‘el delating ice which elrift with the winel anel curre'iit. 

Drift-pin. - -A short, tapere'el rod for e'nlarging rivet hole's. 

DrUi.— T b bore? a hole in a mate'rial with a tool revolv(*d by a suitable? me'e;hanism. 
Thci tewl itse'lf or the apparatus heileling and tuniing it. 

Calyx Core Drill . — A elrill feir making borings in e*arth strata. It cemsists eif a revolving 
shank having a hollow steel bit under which chilled steel sheit are* maele* tei trave'l. 
The. rotgtiem anel pre'ssure e'ause the shot to mill away the' reie'k le'aving a peirtiem 
of it stic;king upwanl inside' the* elrill. At suitable; inte*rvals the; core is brokeai edf 
and brought to the surface* for examination. 

Centre Drill. — A drill for making a c(;ntral hole, as in a shaft. 

Churn Drill. — A steel bar about eight fee*t long having its e*nels flatt(*ne*el and sharpc'nenl 
for drilling into harel strata. 

Clamp Drill. — A drill having a e;lamp to heilel it to the; work. 

Core Drill. — ^A rock drill having a hollow cutte*r so that as it re*ve)lve's a e*on; is e!ut 
out which cxtenels upwarel into the interior eif the* elrill bit anel shaft. At suitable 
intervals the con; is broke'n eiff anel brought to the* surfaes* feir e'xaininatiein. 

Countersink Drill. — A tool combining a elrill and a r;ounte‘rsink in one; pie*e;e*. 

Diamond Drill. -A type of core elrill using blae:k diamonds sc't in an annular bit 
which is revolvf'd by a shaft extending to the gnninel surfjice*, whe*n* it conn(;cta 
with suitable driving irnichinery. 

Double Drill. — A drill with two cutte'rs for making e;ountersunk hole's. 

Fluted Drill. — A drill having two longitudinal groove's or flutc;s on opixisiiig sides. 

Forked Drill. — A slotted tool with a forked ixiint used in a slot drilling machine. 
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Drill. 

Gang Drill. — A machine tool containing in one head a number of vertical drills, each 
having its separate belt and pulley operated from a common shaft. 

Hand Drill. — Any drill that is operated by hand. Usually one man operating both 
drill and hammer. 

Jumper Drill. — A drill similar to a chum drill only much shorter. 

Machine Drill. — A drill mounted in a machine and run by power. 

Percussion Drill. — A solid drill-rod having an action like that of a chum drill. 

Pin Drill. — A drill for boring pin holes in tmss members. 

Pneumatic Drill. — Any <lrill ofWTatcHl by air. 

Radial Drill. — A machine rock drill in which the drill tool is fastened to a radial arm. 
Ratchet Drill. — Any drill operated by a ratchet mechanism. 

Rock Drill. — ^^Vny drill used for (piarrying rock. 

Rose Drill. — A drill with a cylindrical cutting face. 

Rotating Drill. — A drill having a rotating motion instead of a churning motion. 
Socket Drill. - -A drill having a shank that fits into a socket. 

Stone Drill. — bar used to (;ut holes in ston(\s and rocks. 

Straight Shank Drill. — A drill having a straight shank, in contra-distinction to a 
tap(T('d shank, (f.r. 

Taper Shank Drill.— A drill having a laper(*d shank. 

Teat Drill or Tit Drill. — s(piar(*-fa<!(Ml cylindricial drill, with a sharp, pyramidal 
pn^f'ction issuing from the centre of the cutting faec\ 

Twist Drill. — A cylindrical drill having two paralkd, spiral grooves on opposing sides 
and the point sharpened to an obtuse angle. 

Drill Barrow. — Sanu' jus “Drill,” q.v. 

Drill-bit. — 'Fhe cutting tool used in a drilling machine. Also called “Drill,” q,v. 

Drill Chuck. — Secj “CJhuck.” 

Drill Gauge. -Se(' “Gjiuge.” 

Drilling Machine. — \ machiiu* for boring holes in metals, rock, etc. 

Drillings.- -Th(» cuttings, or shavings, jirising during tin* process of drilling. Also the 
holes that are drill(*d in the ground. 

Drill Plate. — .\ brejust-jihitc* for hiuid-drilling operations. 

Drill Press. — S(*e “Pi •esses.” 

Drill Scow. — Sec* “Scow.” 

Drill Stock. Sc*e “Stoc^k.” 

Drip. - -A snudl chjinnc'l cut undcT the lcnvc*r projc'cting edge of a coping, etc., so that 
whc*n rjiin reaches that point, it will drip or fall otT. 

Drip Pipe. Si*e “ Pipe*.” 

Drip Stone.-- -Sc*e “Stone.” 

Driven Pulley. — S(*(* “ Pullc'y.” 

Driver. One* of the* large wh(»(*ls which drive any inaf;hine or apparatus. 

Locomotive Driver. - - One of the large driving whe(*Ls of a locomotive. Also the man 
who operat(*s or drive's a locomotive. 

Driving Axle. -Sc*(* “ Axle.” 

Driving Belt.— See “Belt.” 

Driving Box. — Si*(* “ Box.” 

Driving-fit.— In st.ee’ work, a fitting for a bolt so tight that, the diameter of the hole 
is priM^ti<;ally th(^ same as that of the bolt, which has to be driven in place with 
a hammer. 

Driving Gear. — See “Gear.” 

Driving Nut.— S('(j “Nut.” 

Driving Pulley.— See “ Pulley.” 

Driving Shaft.— Swj “Shaft.” 

Driving Wheel. — See “Wheel.” 
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Drop. — A conirivanco arrangod so as to hang, drop, or fall from a higher position to a 
lower one'. 

Drop of Beam. — A term used in testing materials to indicate that a test piece has 
passed the yii'ld point ns shown by the; sudden dropping of the weighing beam of 
the testing machine. 

Drop Forging. — See “ Forging.*' 

Drop Hammer. — Sen? ^‘Hammer.” 

Drop Hammer Pile Driver. — See “ Pile Driver.” 

Droved Dressing. —See “Dressing.” 

Drum. — A n'volving cylinder around which rope's or belts either travel or are wound, 
'riie main portion of a turntable for either locomotives or swing spans. 

Friction Drum. — Any drum operated by the action of friction. 

Dry Masonry. — See “ Masonry.” 

Dry Puddling. — See “Puddle.” 

Dry Rot.— See “Rot.” 

Dry Seam. — Sc'e “Seam.*' 

Duchemin's Formula. — ^A wind pressures formula for surfaces inclined to the direction 
of the wind, 

" 1 + sin* A 

where 

/'„ = the normal component of wind pressure, 

Z** = the pressure' per scpian' foot on a vertical surface', 

A = the angle of inclination of the surface with the horizontal. 

Dump. — The' place where material such jis earth, clay, rock, (*tc., is deposiU'd. To 
def)osit such material. 

Dump Car. — See “tAir.” 

Dump Scow. — See “Scow.” 

Dumpy Level. — Sec “Level.” 

Duplex Hammer. — See “Hammer.” 

Duplex Slide Rule. — S('(? “Sikh? Rule.” 

Durometer. — An apparatus for testing the hardness of steel rails. 

Dust Guard. — S('o “(iuard.” 

Dutch Brick.— See “Brick.” 

Dutchman. — A woodi'n block or w'edg(' used to hidi* an opc'ning in a badly imulc 
joint. 

Duty. — ^Tho number of foot-pounds of work delivered for eacih hundn'd pounds of coal 
burned under a boil(?r. Also the number of foot-pounds of work delivered for each 
one thousand j)ounds of dry steam. 

D- Valve. — S('(; “Valve.” 

Dyke. — Same as “Dike,” q.v. 

Dynamic Deflection. — S(!e “ Deflection.” 

Dynamic Equilibrium. — See “ Kquilibrium.” 

Dynamic Horsepower. — Same as “Indicated Horsc*pow(*r.” Scic “Horsepower.” 

Dynamics. — That branch of the science of mechanics which treats of the motion of 
bodies and of the forces acting thenion. 

Dynamite. — An explosive of great power, consisting of a mixture of nitroglycc?rin with 
some absorbent material such as sawdust. To blow up, destroy, or break up with 
dynamite. 

Dynamo. — A machine for converting mechanical |)ow('r into electrical power or vice 
versa. In the latter case the machine is calk'd a motor. The essential eh'ments 
are a field of magn(;tic flux, produced usually by cl(?ctro-magnets called field magnets, 
and a moving set of conductors passing through the magnetic flux so as to cut 
the lines of force. The moving set of conductors is called the annature. 
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Dynamometer. — ^An apparatus for measuring the amount of pull exerted by any 
machine or engine. 


E 

Ead’s Pump. — See “Pump.” 

Earth Pressure.— See “Pressure.” 

Easement Curve. — See “Curve.” 

Eccentric. — Out of centre. A disk mounted out of centre on a driving shaft and 
surrounded by a collar or a strap connected with a rod. Its purpose is to convert 
rotary motion into reciprocating rectilinear motion. 

Eccentric Axis. — See “Axis.” 

Eccentric Gear. — See “Gear.” 

Eccentricity. — ^The state or condition of being eccentric. Deviation from a centre. 

Economic Depth. — See “Depth.” 

Economics. — ^The science of obtaining a desired n^ult with the ultimate minimum 
expenditure of effort, money, or material. 

Eddy. — ^A whirl or backward current of water. A vortex. That portion of the water 
in a stream that actually swirls. 

Edge. — ^The sharp margin, or the thin, bordering or terminal lin(‘ of a cutting instru- 
ment. The extreme margin of anything. The brink. 

Edger. — A cement finisher’s tool for rounding the corners of cc'inent or concrete con- 
structions. 

Effective Area. — See “Area.” 

Effective Depth. — See “Depth.” 

Effective Horsepower. — See “ Horsepower.” 

Effective Length. — See “Length.” 

Effective Span. — See “Span.” 

Efficiency. — ^The ratio of energy utilized dividi»d by the energy expendinl. 

Efficiency Curve. — See “Curve.” 

Effiorescence. — A powder-like incrustation formcnl on bodies such as concrete, met- 
als, etc. 

Egg-shell Paper. — See “Paper.” 

Ejector. — A device for utilizing the momentum of a jet of steam or air under pressure 
to lift a licpiid or a finely divided solid. 

Ejector Condenser. — See “Condenser.” 

Elastic Arch. — See “Arch.” 

Elastic Curve. — Sec “Curve.” 

Elastic Deformation. — See “ Deformation.” 

Elasticity. — ^^Fhat property which many bodies have of recovering tlw'ir original form 
after the rc^moval of the d(*forming cause. 

Coefficient of Elasticity or Modulus of Elasticity. — ^Thc ratio of the direct stress 
per unit of area to the corresponding ndative deformation, somet ilia's called Lineal 
Modulus. The numerical value is equal to the stress per unit of area in tension 
that would be required to double the length of a piece, were the material of which 
it is composed perfectly elastic. Also called Young’s Modulus.” 

Shearing Modulus of Elasticity. — ^The ratio of the unit shi'aring stress to the accom- 
panying angular deformation. It generally equals two-fifths of the lineal modulus. 
See “Modulus of Elasticity.” 

Volumetric Modulus of Elasticity. — ^The ratio of the unit stress, applied on the tlmu) 
principal axes, to the relative change in volume. It generally equals two-thirds 
of the lineal modulus. 

Elastic-limit. — ^The unit stress at which the deformation begins to increase in a faster 
ratio than the applied loads. 
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Elbow. — ^Thc bend of an arm. The flexure or angle in a wall. A joint in a pipe n^aking 
a bend. To jut into an angle. 

Elbow Joint. — See 'Moint.” 

Electrical Hammer. — See “Hammer.” 

Electrical Hoist. — See “Hoist.” 

Electrical Horsepower. — Sec “Horsepower.” 

Electrical Locomotive. — See “Locomotive.” 

Electrical Resistance. — See “ Il('sistance.” 

Electric Crane. — See “Crane.” 

Electric Motor. — See “ Motor.” 

Electro-magnet. — A magnet which derives its magnetic propcTties from the magnetic 
flux set up by an electric currc'iit flowing through its windings. 

Element. — ^^Phat of which anything is in part compounded, which exists in it, and which 
is itself not decomposable into j)arts of diffen'nt kinds. 

Truss Element. — A com])onent part of a truss. 

Elevation. — ^The altitude or height above' some givc'ii line' or datum plane; such as sea 
level, low water, etc. The act of raising. The projection of an object on a vertical 
plane, used in drafting. 

Super-elevation. — ^The height of the outcT rail abovi^ that of thc^ inner rail on curved 
tracks. The rails an; thus plac(*d in ordtT to overeome' thi' t(»iulen(;j' of a car or 
train going at high speed to fl\" off the; track. Tlu; super-elevation is govcTn(*d 
by the speed and degn'c; of curvature'. 

Elevator. — An apparatus for hoisting loads. A lift. The term often includes the entire 
hoisting apparatus: f.e., the shaft, cage, and motor. 

Hydraulic Elevator. — An eh'vator operat(‘d by som(‘ kind of hydraulic nu^chanism. 

Pneumatic Elevator. — A hoisting apparatus opcTated by comprc'ssc'd air. 

Ellipse. — A curve such that the sum of the distances from two fi.\eil points, called the 
foci, to any point on th(' curve is a constant. 

Ellipse of Stress. — See “Stn'ss.” 

Elliptical Arch.— See “Arch.” 

Elliptical Curve. — Same; jis “Ellipse,” q.v. 

Elongation. — The stretching or extension of a part beyond its nalural dimensions. 

Embankment. — A bank, a dike, or an c*artlnvork raiscil for any i)urpose. 

Emerson’s Foundation Pump. — See “ I’ump.” 

Empirical. — Pc'rtaining to or derivc'd from experi(;nce or expc'riments. 

Empirical Coefficient. — See “Coefficient.” 

Empirical Formula. — See “ Formula.” 

Encased Knot. — See “ Knot.” 

End Floor-beam. — S(;e “Floor-beam.” 

Endless Chain. —See “Chain.” 

End-lifting Apparatus. — An apparat^is consisting of a toggle, operated by screws, which 
lifts and latches the (aids of a swing span. 

End Pin.— See “Pin.” 

End Post.— See “Post.” 

End Reaction. — Sc;o “Reaction.” 

End Shear. — See “Shear.” 

End Stiffeners. — See “StifT(;nc;rs.” 

Energy. — ^Thc capability of doing work. 

Conservation of Energy. — ^The doctrine that the sum total of the energy of the 
universe neither diminishes nor increases, though it may assume diff(;rent forms 
successively. 

Hydraulic Energy. — I'he energy of water in motion. 

Kinetic Energy. — Energy that is dup.to motion. 

Potential Energy. — Energy that is due to position. , 
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Energy* 

Total Energy. — ^Thc sum of the kinetic and the potential energica. 

Engage. — ^To bring two pieces into contact. To mesh, as to connect gears. 

Engine. — ^An apparatus or machine for converting some form of energy into mechanical 
power for' the doing of useful work. 

Assistant Engine. — A steam or hydraulic motor used to control the reversing gear 
of a murine engine, or to turn the shaft when the main engine is at rest. 

Dinkey Engine. — Same as '‘Dinkey Locomotive.” 

Donkey Engine. — A small stationary stc'am engine attached to a larger one. A 
subsidiary engine uschI for hoisting. 

Gas Engine. —An internal combustion engine using gas as a fuel. 

Gasoline Engine. — An intiTnal combustion engine asing gasoline as a fuel. 

Hoisting Engine. — An engine us(m1 to operate hoists, diTricks, pile drivers, c^tc. 

Internal Combustion Engine. — An engine in which the fuel, such as gas, vapor, 
gasoline, or oil is bum(‘d direct in the cylinder, generating a high temperature 
and liigh prc'ssurc in the gases of combustion, which expand behind a piston and 
driven it forward. 

Jack Engine. — ^A small engine employed in sinking a shallow shaft, a donkey 
engine. 

Monkey Engine. — A hoist ing (‘ngine usc'tl to raise a pile-drivcT hammer. 

Stationary Engine. — An engine that rests on a fbeod foundation and is not 
movable. 

Steam Engine. — An (*ngine in which a iwrtion of the heat energy of the fuel is con- 
veyed to the cylinder by means of steam, which expands bi'hind the piston and 
drives it fonvard. 

Engineering News Formuia. — A formula proposed by the late A. M. Wellington, C.E., 
for determining the safe load on piles. 

Safe Ixjad = ^ 

s + 1 

where 

ir demotes th(? weight of the dmp or steam hammer; 

If d(»not(\s the fall in feet or the stroke in a steam hammer; 

and 

.s denotes the av(Tage penetration of the pile pcT blow in inches 
under the last few blows. 

For sti am hamnu*r work tliis formula is modified by substituting 0.1 in place of 
unity in the denominator. 

Engineer's Hammer.- - Sec^ "Hammer.” 

Engineer’s Level. — Sem "Levid.” 

En:;ineer’s Scale. — Se(' "Scale.” 

English Bond. — Sann; jis "Old English Bond.” Stm "Bond.” 

Enlarged Scale. — See "Scal(\” 

Entasis. — A slight convex curve in the vertical outline of a pilaster or of the shaft of 
a column. 

Epicycloid. — A (jurvo generatinl by the motion of a point on the circumference of a 
circh' which ndls on the conv(»x side of a fixed circle. 

Epicycloidal Tooth. — Sec "'J’ooth.” 

Equalizer. — An adjuster; a leveler. A dcwice for distributing a load equally over several 
parts. 

Equilibrium. — A state of balance produced by the? counteraction of two or more forces. 
The state of a body so acted upon by a balanced system of forces that it has no 
tendency to change its condition of motion or rest. 

Dynamic Equilibrium. — ^That condition of a body in uniform motion in which the 
resultant of all the forces acting thereon is zero. 
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Equilibrium. 

Indifferent Equilibrium.— That condition of a body when a slight displacement 
of it is retained without further motion. 

Stable Equilibrium. — That condition of a body when a slight displacement of it is 
followcHl by a return to the original {xisition. 

Static Equilibrium. — ^^Fhat condition of a body at rest in which the resultant of all 
the fonu's acting thereon is zero. There are three types of Static Equilibrium, viz., 
Stable, Unstable, and Indifferent. 

Unstable Equilibrium. — ^'fhat condition of a body when a slight displacement of it 
is followed by a further displacement. 

Equilibrium of Three Parallel Forces in One Plane. — Same as “Laws of the Lever.” 
See “Lever.” 

Equilibrium Polygon. — See “Polygon.” 

Equivalent Uniform Live Load. — See “Load.” 

Erecting-biU. — bill of material for a bridge, so arrangcxl as to facilitate the finding 
and placing of niombers during erection. 

Erection. — ^^Fhe assembling of the members of a bridge in the field and making the 
necessary permanent connections. 

Erection Car. — Sec “Car.” 

Erection Diagram. — See “Diagram.” 

Erection Drawing. — Same as “Erection Diagram.” See “Diagram.” 

Erection Gang. — Sec “Gang.” 

Erection Stress. — See “Stress.” 

Escarpment. — A nearly vertical natural face of rock or soil. 

Estimate. — To figure quantities, weights, costs, etc. A statement of such quantities, 
weights, costs, etc. 

Euler’s Formula. — ^A formula expressing the resistance of long columns to buck- 
ling, viz., 

p __ a Tr~ Ji I 

■> 

where P = the external losul or pressure. 

E = th(‘ modulus of elasticity. 

/ = the least moment of inertia. 

I = length. 

a — constant depending on end conditions. 

TT = 3.14159. 

Even Bearing. — Se(i “Bearing.” 

Evolute. — A curve which is the locus of the centre of curvatun; of another curve, or 
the envelope of the normals to the latter. 

Excavating Shaft. — S(*c “Shaft.” 

Excavation. — The act of taking out material. An open cutting, as in a railway. A 
hollow or cavity formed by removing the interior substance*. 

Excavator. — ^A horsepoweT or stcam-poweT machine for digging, moving, or transporting 
earth, loo.se! gravel, sand, or any kind of soil. 

Pneumatic Excavator. — ^An excavator operated by compressed air. 

Excentric. — Same as “Eccentric,” q.v. 

Excentric Load. — See “Load.” 

Excess Load. — Sec “Load.” 

Expanding Reamer. — See “Reamer.” 

Expansion. — Enlargement, lengthening due to heat, or to increase in moisture content. 

Coefficient of Expansion. — The amount of expansion per unit of magnitude of the 
substance, per unit of agent causing the effect. For example: the coefficient of 
lineal expansion of a bar of steel for an increase in temperature is the expansion 
per unit of length per degree of temjserature. 
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Expansion Bearing. — See '‘Bearing.*’ 

Expansion Bolt. — See "Bolt.” 

Expansion-end. — ^Thc movable end of a structure, trestle, span, truss, etc. 

Expansion Girder. — See "Girder.” 

Expansion Joint. — See "Joint.” 

Expansion Pocket. — See "Pocket.” 

Expansion Roller. — Sec "Roller.” 

Explosive. — Pertaining to, or of the nature of, explosion. Any substance by the 
decomposition of which gas is generated with such great rapidity that an internal 
pressure is suddenly set up, producing the effect of tremendous impact, and the 
rupture of the restraining medium. 

Extenrion Bar. — See "Bar.” 

Extension Plate. — See "Plate.” 

Extensometer. — ^An apparatus for measuring minute degn^Ms of expansion or contraction 
in metal bars under the influence of temperatiue or under stress. 

External Wall.— See "Wall.” 

Extrados. — ^'Fhe convex curve of a masoniy arch. The upper surface of the voussoirs 
when in position. 

Extreme Fibre.— See "Fibre.” 

Extreme High Water. — Scje "Water.” 

Extreme High Water Mark. — See "Water.” 

Eye. — ^'rhe hole in the end of a member to permit the passage of a pin. 

Bolt Eye. — ^The eye in an "Eye Bolt,” qjj. 

Loop Eye- — ^An eye on the end of a rod or square bar elongated in the form of a loop. 
Slotted Eye- — ^An oval eye in th(^ end of an eye-bar in place of the usual round hole. 
Eye and Strap. — ^A hinge which fits over an eye. 

Eye-bar. — ^A bar with an <»yc at either one end or each end. 

Adjustable Eye-bar. — ^An eye-bar that can be lengthened or shorteiud aft(*r erection 
by nutans of a sleeve-nut, tum-buckle, or clevis. 

Trussed Eye-bar. — ^An eye-bar supported by trussing so as to resist compression 
or bending. 

Eye-bar Dog. — See "Dog.” 

Eye-bar Head. — Set; " Head.” 

Eye-bar Hook. — See "Hook.” 

Eye-bar Upsetter. — ^A machine for enlarging the end of a plain bar sufficnently to permit 
th(' forming of an eye that will develop the full strength of the bar. 

Eye Bolt.— Sch; "Bolt.” 

Eye-piece. — ^The lens in the small end of a transit or leve l. 

Eye Splice. — Sec "Splice.” 


F 

Fabrication. — ^Thc act or process of framing and fitting rolled steel shapes for structures. 
The putting together of parts of a structural steel construction and riveting them. 

Facade. — ^An elevation or exterior face of a building, usually the; front or chief face. 

Face. — ^A plain;, exterior face of a solid. The front view or exposed part. The working 
or cutting portion of a grinding-wheel, or the edge of any cutting tool. To prepare 
or polish a face. 

Faced Joint. — Sec "Joint.” 

Face of Gear Tooth. — See "Tooth.” 

Face Wall.— See "WaU.” 

Facing. — ^A layer of earth, turf, or stone laid upon the sloping sidra of a railroad em- 
bankment or other inclined earthwork in order to protect the exposed surface 
and to give it a steeper slope than generally is natural. 
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Facing Brick. — Soe ‘‘Brick.” 

Factor. — One of the two or more numbers, cxijrcssions, or quantities which multiplied 
together form a givt'n product. 

Factor of Safety. — Same as “Safety Factor,” q.v. 

Fall Blocks.— Se(^ “ Blo(?k.” 

Fall Line.— See “Lim*.” 

Fall Line Ball. — A heavy iron ball with two projecting stajjh's for attaching to the 
movable block of a hoisting tackle to overhaul the liiK's when no lotul is carried. 

Falls.— The n)pes used with pulley blocks in hoisting. 

False-bottom. — A movable,. Jiorizontal partition inserted in thc^ low'd* part of a box, 
shell, bucke^t, etc. 

False Cap.— See “C’ap.” 

Falsework. — "I'he scaffold or temporary supports employed for erecting a structure. 
Usually a temj)orary timber trestle sustaining a bridge* during erection. 

Flying Falsework. — .\ tj^pe of faLsewvork uschI in the erection of large cantilever 
bridges. It consists of a horizontal truss, lying in the* jilaiKi of th(i lower choni, 
with a set of he'avy girders undcT each of its own chords in order to furnish 
a bciaring for the jacks to w’ork against. Each side of its flying end is hung by 
two ties,' consisting of eyc*-bars, wrhich are* in turn attached to the* Lust sub- 
panel point er(‘ct(Ml. The rear (*nd of this flying falsc'W’ork is supported by the 
pier for the* fii*st pane*! en'cte^l and them by the* Ijist bottom ehorel pane*l point for 
succeeding paneds. 

Lower Falsework. — 'Flie faLsowmrk built below the; lewed of the bottom chords. 

Upper Falsework. — 'riie falsew’ork above the elewation of the; 'Dottom e'hords. It is 
no longer used in erection, as its object, is more; re*aelily accomplished by the traveler, 
which apparatus has replace*d it emtindy. 

Falsework Bolts. — Any beilts used in tying w'oode*n bracing to posts or pile's. 

Falsework Cap. — »Se;e “Cap.” 

Falsework Pile. — Se’C “Pile*.” 

Fan-tail Joint. — Se?c “.loint.” 

Fascia. — ^Any flat me'inbe'r or moulding wdth but little; preijection, usually the; oute'rmost 
portion. 

Fascia Girder. — Sec “Girder.” 

Fascine. — A bundle of brush wdreel togedher and used in the construe:tion of river 
protection work to prevent the* washing aw’ay of the; Viaiiks. Similar- to “Babies,” 
q.v. 

Fastening Angle. — Same as “Connecting Angle;.” Se'o “Angle*.” 

Fast Joint. — See “Joint.” 

Fast Pulley. — Sec “ Pulley.” 

Fat Lime. — Sf*e “Lime.” 

Fatigue of Metal.— See “Metal.” 

Faucet. — A dejvice fixe*el in a receptacle or pipe to control the flow of liquiel. 

Feather. — A longitudinal, proje;cting guide on a shaft. One of the* tw'o tapereel pieces 
of metal place*el in a hole in conjunction with a plug, us(*d for splitting rock. 

Plug and Feathers. — A combination of twro fe*athe*rs and a ta]>e*ring plug inserted 
in a hole in a rock, the; plug })c;ing drivc*n with a ]iafnine*r so that great late;ral 
prc'ssurc is produced and the rock broken. 

Feather and Wedge. — X single feather combined with a w(*dge*, used in quan’it's for 
splitting rock. 

Feather-edge. — ^Any rdge that is thin and sharp like a feather. The edge of a board 
that is thinner than the othf;r. 

Feather-edge Brick.— Sec “Brick.” » 

Featherstone Dredge. — See “Drcxlge.” 

Feed Water Pump. — Same as “Donkey Pump.” See “Pump.” 
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Felloe. — ^The circular rim of a whcx?! into which the outer ends of the spokes fit. 

Felloe Plank. — See “ Plank.** 

Felly. — Same as “ Felloe,*' g.i*. 

Felly Plank.— Same as “Felloe Plank.” See “Plank.” 

Felt. — ^An unwoven fabric of short hair or wool matted together by rolling. Used 
for waterproofing by applying pitch. 

Female Joint.-— See “Joint.** 

Female Screw.— See “Screw.** 

Fender. — ^A guard for protection. Vertical timbers, piles, etc., to protect vessels from 
striking, rubbing, and scarring piers. 

Fender Pile.— See “ i'ile.” 

Fiber or Fibre. — ^The longitudinal fihuntmt of a body. 

Extreme Fibre. — ^Thc fibn? which is most romotcj from the niMifral axis. 

Indurated Fibre. — A hard, thick, denser, fibrous material used for insulation in 
electrical apparal us. 

Vulcanized Fibre. -A v('getablc» fibre saturated and coated with a metallic chloride 
giving 1h(i mat (‘rial ioughru'ss and strength. 

Fibre Stress. — S<‘e “Str(‘ss.” 

Fibrous. — Ckmlaining or consist ing of fibre's. 

Fibrous Fracture. —Sec* “Fraetiirc'.** 

Fibrous Iron. — iS(*e “ Iron.” 

Field-book. — A book containing any field ivcords. 

Field Rivet.— See “Rivet.** 

Field Work.— See “Work.” 

Fiery. —The chara(;t(‘r or (juality of steel as exliibited by its fracture when the grains 
are V(‘ry coai*s(‘ and bright. 

Fiery Steel.— Sc(‘ “St(H‘l.** 

Figure-eight Knot. — See “Knot.** 

File. — ^A coll(*(!tioii of fiapers arrang(xl in order. A receptacle for holding papers. A 
rough st(‘(‘l hand-tool us(m 1 for ri'ducing or smoothing mc'tals, wood, and other 
resistant, materials. To cut or wear aw'ay a iwrtioii of an object by the application 
of a filing tool. 

Bastard File. — A file having an intermediate surface between that of a smooth and 
a rough fih'. 

Blunt File. —A file t(‘rrninating in a blunt (‘nd. 

Circular File. -A small lih' having a circuhu’ cross section. 

Double End File. —A file having V)oth ends cut for service. 

Flat File. — A thin file flat on tlie two opposite fac.c's. 

Flat Wood File. — A coarsivcut , flat file for using on w'ood. 

Half-round Bastard File. — A miHliiun cut file having !i semi-circular cross section. 

Half-round Wood File. — Similar to a half-round bastard fill', exci'pting that it is 
coarsi'r cut and is us('d e-\clusively on wochI. 

Joint File.- -A small round fill* of uniform section throughout its length. 

Rat-tail File.— A small, circular, tapering file which ri'sembles a rat's tail. 

Square File. — Any file having a square cross section. 

Taper File. — A file having a tapering body. 

Triangular File. — Any file having a triangidar cross section. 

Fill.— To occupy with material so as to leave no space empty. An embankment behind 
an abutment. Any railro:id embankment-. 

Filler. — A plate the sole function of which is to fill up space. Anything that serves 
to fill up a vacancy. 

Pin Filler. — A ring placed on a pin between connecting members to keep them in 
position. 

FlUer Plate.— See “Plate.” 
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Fillet. — A plain, narrow, flat moulding in a cornice or a comer. The rounding of a 
sharp comer. 

Filling. — ^Thc material in an embankment or that put back into an excavation. 

Back-filling. — Material put back into an excavation around a pier, pedestal, or 
abutment. 

Filling Pile.— See ‘Tile.” 

Fin. — A thin projection on a surface of a casting caused by the imperfect contact 
of the two moulding flasks each containing a part of the mould. A small, thin 
projection on the rolled surface of any metal, especially at the edges thereof. 

Final Set.— See “Set.” 

Final Set of Cement.— See “Set.” 

Fineness. — The relative size of the particles of cement, sand, or other materials. 

Fine-pointed Dressing. — See “Dressing.” 

Fine Sand. — See “Sand.” 

Finish.— The condition of a surface after the final work upon it has been performed. 
To complete anything. 

Cement Finish. — A finish made by using a cement coating. 

Float Finish. — A finish on cement work made by floating grout over the surface with 
a straight (xlg(‘. 

Ground Finish. — ^A finish made on an object by grinding. 

Indented Finish. — A finish made on cement work by running an indentation roll(T 
over it while* soft. 

Machine Finish. — A finish on metalwork made by turning in a lathe or planing 
in a machine. 

Planed Finish. — A finish produced by planing. 

Rough Finish. — The finish which is l(‘ft by the original forms, moulds, etc. 

Troweled Finish. — A finish on cement work made by troweling. 

Finishing Stake. — Sec “Stake.” 

Fink Truss. — See “Truss.” 

Fire Brick. -See “Brick.” 

Fireless Locomotive. — See “ Locomotive.” 

First-class Masonry. — See “ Masonry.” 

First Cost.— See “Cost.” 

Fish. — ^To join two beams by fastening long splice-pieces to their sides. 

Fish-bellied Girder. — See “Gird(*r.” 

Fish-belly. — ^The form taken by some girders or trusses where the bottom flange or 
chord is convex downward. To swell downward. 

Fishbolt.— S(*e “Bolt.” 

Fisherman’s Bend. — A knot. See “Knot.” 

Fishing. — The act of uniting two parts by clamping them between two short pieces 
which covcT the joint. 

Fish Joint.— Sec “Joint.” 

Fish Plate. — Same as “Splice Bar.” Sec “Bar.” 

Fitting-up. — As8(‘mbling the different members of a structure and connecting them 
with bolts preparatory to riveting. 

Fitting-up Bolt. — See “Bolt.” 

Fitting-up Clamp. — See “Clamp.” 

Fitting-up Gang. — See “Gang.” 

Fixed Bridge.— See “Bridge.” 

Fixed Charges. — ^The annual expenditure, in connection with a structure, which remains 
the same, or nearly so, regardless of operation. Generally refers to the interest 
on the bonded indebtedness. 

Fixed End. — ^The anchored end. An end of a girder or strut so firmly connected as to 
prevent all motion in the vicinity of the end. 
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Fixed Load. — See ‘‘Load.” 

Fixed Point. — ^Any point that is stationary or assumed to remain fixed throughout 
the entire discussion. The common centre of gravity of a system of bodies. 

Fixed Post.— See “Post.” 

Fixed Span. — See “Span.” 

Fiange. — One of the principal longitudinal members of a girder which resist tension 
or compn^ssion, also somc^timc's called the upper and lower chords of a beam. A 
projecting edge, rim, or rib on anything. 

Wheei Flange. — The lip or projection on the face of a wheel acting as a guide or 
restraint. 

Flange Angles. — Sec “Angle.” 

Flange Coupling.-- See “Coupling.” 

Flange Joint. — Sec “Joint.” 

Flange Plate. — Sec “Plate.” 

Flange Rail. -See “Rail.” 

Flange Splice. — Sihj “Splice.” 

Flange Stress. — See “Stress.” 

Flange Union. —See “Union.” 

Flank (of gear tooth). — See “Tooth.” 

Flap Valve. — Same iis “Check Valve.” Sec “Valve.” 

Flashing Angle. — Sw “Angle.” 

Flashing Point. — The temperature at which escaping gas will ignite momentarily. 

Flashings. — Broad strips of sheet metal used at the joints of a wall so as to lap over 
glitters, chimn(»ys, etc. Alsc) strips workwl in under the* slati's or shingk's around 
dormers, (diimni'ys, and any rising part, to prevent leaking. 

Flasks. — ^The upper and lower oarts of a box which contain th(^ mould into which 
molten metal is pound. 

Flat. — The broad side of anything. Any rectangular iron or steel bar having a greater 
width than thiekne.ss. A level stn'tch of ground near a stream. 

Flat Arch.— See “Arch.” 

Flat Dolly.— See “Dolly.” 

Flat File.- See “File.” 

Flat-head. — A rivet or bolt head that has been flattened. 

Flat-head Rivet. — See “Rivet.” 

Flat Rasp. — See “ Ra.sp.” 

Flat Reamer.— Sei' “ ReamiT.” 

Flat Rope Pulley.— See “Pulley.” 

Flat Scale.— S(*e “Seale.” 

Flattening. — Clausing painting to havi* a dejul or dull finish instead of a glossy one by 
using turpentine instead of oil in the last coat. 

Flat Wood File.— See “File.” 

Fleet. — To swing into j)lacc by means of a horizontal, subsidiary tackle, a bridge member 
when it has to be picked up by the main tackle from a position not directly under 
the support of the main tackle. 

Fleeting Tackle. — See “Tackle.” 

Flemish Bond.— Sie “Bond.” 

Flemish Brick.— Sec “Brick.” 

Flemish Knot.— S(H5 “Knot.” 

Flemish Loop. — Sihj “Knot.” 

Flexible Joint. — See “Joint.” 

Flexure. — Bending. 

Common Theory of Flexure. — ^Thc theory accounting for the stress intensity and 
distribution in a beam subjected to transverse loading on the assumptions that 
the flexure is slight, that the elastic limit is not exceeded in any part of the beam, 
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Flexure. 

that all plane normal sc^ctions remain plane after bendinf;;^ and that the intensity 
of eitluT tensile or compressive stress in any normal section actini; parallel to the 
axis of the beam varies directly as the distance from the neutral axis. 

Fliers. — A straight flight of stc'ps in a stairway. 

Flight. — continuous series of steps conncH^ting tw'O different lev(*ls. 

FUtch. — A plank or slab, especially one of several planks fastened sid(J by side to form 
a compound beam. To join planks in order to make such a beam. 

Flitched Beam. — Sec ** B('am.” 

Flitched Girder. — Same as ‘‘Sandwich Girder.” See “Girder.” 

Flitched Plate.- See “l>lato.” 

Floated Surface. — ^A surface made on cement or concrete work while wet by rubbing 
with a smooth board. 

Floater. — A t-erin used for a bridgeman who w'orks a few days on one job and then 
mov(\s to another. 

Float Finish. - See “Finish.” 

Floating Bridge. — Same jus a “Bojit Bridge” or a “Pontoon Bridge.” Sec “Bridge.” 

Floating Derrick. — Se(' “Derrick.” 

Floating Pile Driver. — S<'e “Pile Driver.” 

Flogging Hammer. — See “Hjiinmer.” 

Floor or Flooring. — Tluit part of a bridgj' vrhich dircKitly receives the t.ravc'l. 

Ballasted Floor. — A bridge floor under a railwjiy trjick upon which ballast is platted 
w’ith ii(\s embcHhU'd therein. 

Buckle Plate Floor, — In bridgework a floor system that is composed of buckle plates 
for supporting pavement. 

Cement Floor. — A floor having a groutt'd wearing surface. 

Concrete Floor. — A floor mach; of concrete. 

Corrugated Steel Floor. — A floor system cjomposc'd of corrugat(Ml steel. 

Reinforced Concrete Floor. — A floor composc'd of rc‘inforced concrete sljibs. 

Solid Steel Floor. — A floor comijosed of steel beams and steel plates, such as flat, 
bucklcMl, or trough pljites. 

Suspended Floor. — A floor attachf'd to suspension cabl(»s or to girders by hangers. 

Tile Floor. — A floor Ijiid with tile. 

Timber Floor. -A floor consisting of timber joists jind phinks. 

Trough Plate Floor. — A bridgt* floor system compos(*d of trough pljitc's. 

Wearing Floor. — A floor ('xposed to tlu^ traffic. Usually r('f(*rs to the uppcT hiyer 
of a double plank floor. 

Floor-beam. — A transverse beam or girder pljiced at the panel points of a span to 
support the stringers which carry the floor. 

End Floor-beam. — ^The floor-beam at tlu^ end of a spsin. 

Intermediate Floor-beam. — Any floor-beam between the end floor beams. 

Floor-beam Concentration.— Sec “Concentration.” 

Floor Bolt. — Sec “Bolt.” 

Floor Girder. — Sec “Ginler.” 

Flooring. — Same as “Flwjr,” q.v. Also planks usc'd in floors. 

Dressed and Matched Flooring. — Planks that arc drcsscxl on both sides and matched, 
i.e., tongued and grooved. 

Floor Plank.— Sec “Plank.” 

Floor Space. — ^I'he area of a floor. 

Floor Spike. — Sckj “Spike.” 

Floor System. — ^The system of members in a bridge that carries the floor an<l 
its load. 

Flour of Lime. — See “Lime.” 

Flow (of liquids). — ^A continuous passing of a liquid. A current. 
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Flow (of solids). — ^Thc permanent change in relative position of the elements of a solid 
8ubjcct(xl to great pressure. 

Flume. — moderate-size ditch or channel for conducting water. 

Flush. — ^To make one part ewen or level with another. To wash by turning on a sudden 
dash of water. 

Flush (with mortar). — Same; as to float, Also to throw rich grout onto old concrete 
before pouring new concrete on. 

Flush Joint. — See “Joint.” 

Fluted. —Grooved or furrowed. 

Fluted Drill. -StH5 “Drill.” 

Fluted Reamer. — See “Reamer.” 

Fluting. — Th(i system of longitudinal grooves in a piljister or column. 

Flux. — IV) convert to a liquid state by means of heat; to melt. A su})stance that pro- 
motes the fusion of minerals or metals. The process of melting. Fusion. 

Flying Buttress. — See “Buttress.” 

Flying Falsework. — StH3 “Falsework.” 

Flying Level. — See “L(»v(»l.” 

Fly Whecl.-^5e(; “Wheel.” 

Folding Bridge.— Same as “Jack-knife Bridge.” Sec? “Bridge.” 

Foliated Granite. —See “Granite.” 

Follower. — Any <;og that is driv<*n by another. A temporary piece of pile, or timber 
set. above a ))il(' that, is to be driven below the Ic^ads of the pile-driver. 

Foot Block.--Se(‘ “Block.” 

Foot Bridge.— Se(‘ “Bridge.” 

Foot Hammer. — S<'e “Hammer.” 

Footing. — 'FIk' spnmling course at the* base of a foundation. 

Column Footing. — A footing, or spread base, under a column. 

Pier Footing. — A foot ing under a pier. 

Footing Beam. — Sch' “ Beam.” 

Footing Course. — S(h» “Course.” 

Foot-pound. — unit/ of work (^qual to that involved by the raising of a weight of one 
pound oik; foot high. Also used as a unit of bending moment in which case it is 
equal to a for(!(» of oik* pound multiplied by a l(*ver arm of one foot. This latter 
unit is caU(*d by some authoriti(*s “pound-foot,” q,v. 

Foot-pound Second. — A unit, of power, or rate of doing work, equal to raising one pound 
one foot high in one st*cond. 

Foot-ton. — Sec ‘ ‘ Ton . ’ ’ 

Foot-walk. — A si(l(»walk for p(*destrians. 

Force. — That which moves or t(*nds to move matter. Tlie action between two bodies 
either causing or tending to cause change in their relative rest or motion. 

Centrifugal Force. — The reaction of a Ixxly, due to its inertia, against that force 
which is causing it to diwiate from a straight-line motion and to travel in a curved 
path. A fictitious force apparently balancing the ci'ntral force*. 

Centripetal Force. — A force pulling a htnly towanl the centre of rotation. 

Concurrent Forces. — Forces in which the lines of action intersect in a common point. 

Impulsive Force. — A force which product's a finite change of motion in an indefinitely 
brief time*. 

Internal Force. — Same as “Internal Stress.” Sec “Stress.' 

Parallelogram of Forces.— Sec “Parallelogram of Forces ” 

Resultant Force — Same os “Resultantj” q,v. 

Force Diagram. — See “ Diagram.” 

Force Polygon. — Sec “Polygon.” 

Force Pump. — See “Pump.” 

Force Triangle.— Bee “Triangje.” 
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Foreman. — man who directs tlio work either in person or tlirough his sul)-foremcn. 

Day Foreman. — foreman who directs the day shift of workmen. 

General Foreman. — ^A man in charge of all construction work, but who generally 
has no part in the administration of the business. 

Night Foreman. — A fort^man who directs the work of a night shift. 

Sub-foreman. — A foreman under the general foreman who is in charge of more than 
one gang of m(‘n. 

Foresight. — A forward observation made with a surveyor’s instrument. A fixed object 
in the front which is sighted upon from time to time to check the orientation of 
the instrument. 

Forge. — ^l^o work wrought iron into shape by first softening by heat and then hammering 
into required form. 'The apparatus or furnace in which the iron is heated before 
being worked. 

Blacksmith’s Forge. — ^A small forge uschI by a blacksmith. 

Rivet Forge. — A small forge used for heating rivets. 

Forge Hammer. — See “Ilanuner.” 

Forge Iron. — See ** Iron.” 

Forge Pig.— See ”Pig.” 

Forge Shop. — A shop in which forgings are made. 

Forging. — The process of welding metal or that of bringing it to shape when hot by 
hammering. Also the article made by a forging process. 

Drop Forging. — ^A forging produced by a drop press. 

Forked DriU.— See Drill.” 

Forked-end. — ^^fhe end of a bar, wrench, truss member, etc. which is st‘paratc'd into 
two or more projecting parts like the tines of a fork. 

Forked Wrench. — Se<» “Wrench.” 

Form. — A shape or mould. A figure describeil by lin(\s and siirfaces. A temporary 
wooden or metallic 8tructu^^ for giving conen^te a desired shape. 

Former. — A device for giving a particular sha; e to an article. 

Forming Iron. — A blacksmith’s swage block. 

Formula. — ^Any general equation; a rule or prineipk? expn'sscHl in algebraic s>Tnbols. 

Empirical Formula. — ^A formula pertaining to or derived from experience or expcTi- 
ments. 

Rational Formula. — A formula derived from fundamental principles. 

Straight-line Formula. — One of the several types of formula) used to express the 
resistance of columns. In this type the relation of the strength of the column to 
its length divided by its least radius of gyration can be represented by a straight 
line. 

Foundation. — ^I'hat portion of a structure, usually below the surfae-c* of the ground, 
which distributes the pressure upon its support. Also appluxl to the supporting 
material itself. 

Pile Foundation. — A foundation former! in soft soil by driving a group of pilea to a 
depth which will give them the requisite bearing capiicity to cany the losul. 

Spread Foundation. — Similar to “Footing,” q.v. Also the spreiul portion below steel 
cylinders for piers; the spreading being done after the cylinders are sunk to place. 

Foundation Bed.— Sec “Bed,” 

Foundation Pile. — See “Pile.” 

Foundation Pit. — See “Pit.” 

Foundry. — An establishment or plant where metals are cast. 

Iron Foundry. — ^^fhe place where iron castings are made. 

Fox Bolt.— See “Bolt.” 

Foxtail. — A thin wedge inserted into a slit at the lower end of a pin so that when the 
pin is driven down the wedge enters it and causes it to spread and thus hold more 
firmly. 
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Fracture. — ^To break or split. A partial or total separation of parts of a continuous 
solid body under the action of force. 

Angular Fracture. — A sharp-pointed or sharp-cornered fracture. 

Columnar Fracture. — ^A clea/agc into columns shown in the surfaces of the 
fracture. 

Conchoidal Fracture. — A fracture showing shell-shaped depressions. 

Crystalline Fracture. — A fracture leaving small crystals showing. 

Cup Fracture. — A fracture in the shape of a cup. 

Fibrous Fracture. — A fraiiture that shows the broken ends of fibres. 

Granular Fracture. — A fracture showing grains or granules on its surface. 

Irregular Fracture. — An (;xtnnn('ly uneven fracture. 

Silky Fractune. — A fracture showing a glossy surface. 

Smooth Fracture. — A fracture cither without any projections or having very few of 
them. 

Fracture Section. — ‘SSc'ction.” 

Frame. — ^Th(^ sustaining partiS of a stnicture. Framework. An instrument for holding 
or supporting things, iis the frame of a hack-saw. 

Bed Frame. ■ -The frame on which the bed of an engine rests. 

Cross Frame. — A transverse bracing frame between stringers. Also termed a Buck 
Brace.” 

Hand Frame. — .\n iron barrow used in a foundry. 

Printing Frame. — A fraim' with a padded cloth back and a glass front, used in the 
pro(M\ss of making blue prints. 

Roller Frame. — Same as “Roller Box.” See “Box.” 

Wheel Frame. — A fraiiu'work supi)orting a wheel or wheels. 

Framed Bent. — S('e “Bent.” 

Framed Bridge. — Sc*(» “ Bridge.” 

Framed Girders. — See “(lirdt'rs.” 

Frame Diagram. See “Diagram.” 

Framed Trestle. — S(‘e “Trestle.” 

Frame Pulley. — S(‘(» “ Bulky.” 

Framework. — An open structure supporting anything. 

Framing. — ^The cut ling and shaping of timbers whkih fit together to form a framework. 

Framing Chisel. — S cm* “C'hisel.” 

Free-body Method. — A method that consists in conceiving a body or a portion thereof 
as isolatisl from all oth('rs which act in any way upon it, those actions being intro- 
duced us so many forceps, known or unknown, in amount and position. 

Frce-end. -The expansion end, or the end that is fren^ to move or to rotate. 

Free Lime.— “Lime.” 

Freezing Process. — A i)ro(!ess for freezing earth that is thoroughly sat.urated with 
water, by means of a fnM'zing mixtun* forced into tubes by an ice-making machine. 
Wh(‘n the wall of earth is frozen sufficiently to withstand the external pressun*, 
the excavation th('n can procetd as in dry ground. 

Freight Locomotive. — See “ fjocornotivt'.” 

Friction. — ^The resistance to the relative motion sliding or rolling, of surfaces of bodies 
in cont{u;t. 

Angle of Friction. — Same as “ Angle of Repose,” q.v. 

Coefficient of Friction. — A numerical quantity equal to the ratio of the frictional 
resistances to the normal pn^ssurc between the bodies; or, in other words, to the 
tang(Mit of th(* angle of n'pose. 

Journal Friction. — ^l^he resistance to rotation offered by the surface of the bearing 
to the nwolving axle or journal. 

Roiling Friction. — ^Thc resistance offered by a surface to another surface rolling 
over it. 
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IVlction. 

Skin Friction. — ^Tho friction bc'tween the outer surface of a pile or caisson and the 
surrounding iiiatcTials. 

Sliding Friction. — The resistance offered by a surface to another surface sliding 
over it. 

Work Done in Overcoming Friction. — See “Work.” 

Work of Friction. — Us(xl loosely for “Work Spent in Friction,” q.v. 

Frictional Gearing. — See “Gearing.” 

Friction Brake. — Same as “Prony Friction Brake.” Sec “Brake.” 

Friction Ciutch.- “i5ee “(Clutch.” 

Friction Coupling. — See “(coupling.” 

Friction Drum. — See “Drum.” 

Friction Gear. — See “G(»ar.” 

Friction Hammer. — See “Hammer.” 

Friction Pulley. — See “Pulley.” 

Friction Roller. — See “Holler.” 

Friction Washer. — See “Wfisher.” 

Friction Wheel. — A form of slip coupling applied in cases where th(^ variations in load 
are sudden and gr(‘at, as in clnxlges. 

Frieze. — The middle division of an entablature; that part above the architrave, and 
below the cornice. 

Frogs — A contrivance built of four pieces of rails mountcxl on a common bas(i and used 
for piissing the flanges of car-wlu'els across a rail of an intersc'cting track. 

Frost Batter. — See “Batter.” 

Frustum. — ^^fhat whi<!h is left of a solid, usually a cone or pyramid, after cutting off 
the upper part, including the vertex, by a plane that is gencTally parallel to the 
base. 

Fulcrum. — A pivot point or support. The point about which a lever turns. 

Fuller. — A special block with a rounding edge sc»t into an anvil for bending heated 
metals. 

Full Splice.— See “Splice.” 

Function. — A mathematical cpiantity which has a value depending upon the values 
of other quantities that are calltxl the arguments, or independent variables, of the 
function. 

Trigonometric Functions. — Certain functions of an angle or arc used in trigonometry, 
such as sine, cosine, tangent, or their sfivc'ral rcKjiproeals. 

Funicular Polygon. — Same as “ I'^quilibrium Polygon.” See “ I’olygon.” 

Furnace. — A struct urr^ in which a Are is maintained to hexit matcTials or to medt metals 
or ores. 

Acid Open-hearth Furnace. — A furnace ustxl in the manufacture of Acid Open- 
hearth Steel. Srx! “Steel.” 

Annealing Furnace. — A furnace in which the process of anruxiling is carriwl on. 

Asphalt Furnace. — X portable furnace in which asphalt cenumt is heated for use 
in roofing or paving. 

Assay Furnace. — A small, simpler form of furnace and mufflcT for heating metals in 
cupels. 

BaUing Furnace. — A furnace in which the fagots of metal are placed to be heatcxl, 
preparatory to working. 

Basic Open-hearth Furnace. — ^A furnace uscmI in the manufacture of Basic Open- 
hearth Steel. See “Steel.” 

Bessemer Furnace. — A furnace mounted on trunnions so as to be tiltcxl in cither 
direction and having air-blast connections thrriugh the trunnions, used for con- 
verting pig iron into Bessemer steel by a process of dccarburization. 

Blast Furnace. — A furnace used in smelting iron ore. 
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Furnace. 

Cementing Furnace. — furnace used in the process of cementation. See “Cementa- 
tion.” 

Iron Furnace. — ^A general term for any iron working furnace, such as a blast furnace, 
puddling furnace, etc. 

Open-hearth Furnace. — In steel manufacture, a regenerative, reverberatory furnace 
in which the hearth is (exposed to the action of the flame. 

Puddling Furnace. — ^A reverberatory furnace in which cast iron is converted into 
wrought iron. 

Regenerative Furnace. — ^An open-hearth furnace using producer gas as a fuel, but 
sr> arrangtHl that the gas is conducted to the hearth an^a througli a passage-way 
fillcHi with red-hot bricks stacked to form an opc'ii checkerwork. As the hot gas 
enters th(^ furnace*, it is mingled, in propcT proix)rtions, with air similarly heated; 
so that complete combustion is produced. Thci escaping hot gases arc conducted 
through a second passageway fillcjcl with bricks, which absorb much of the waste 
heat. I^he two piissiigeways jire used alternately to heat the producer gas as it 
is f(*d into the furna(?(\ 

Reverberatory Furnace. — ^A furnace having a vaultc'd ceiling which deflects the flames 
and h(*at towanl tlie h(‘arth where Ihci ore is to be fused, the fuel being separated 
from the ore by a compartiiK'nt. 

Rotary Furnace.- -A form of puddling furnace* in which thc^ hearth is imule to rotate 
in a vertical or a horizontal plane in order to iissist in rt*moving the carbon. 

Furring. — A piece pla<H*d ii]3on another that is too low, mc'rely to bring its upper surface 
to a r(*<ium*d level. 

Fuse. — ^To melt. A slow burning match used to ignite an explosive, sutdi as powder 
or dynamite, liy burning some lime it enables tln^ man lighting the fuse to get 
out of th(5 way before the* explosion occurs. 

Percussion Fuse. — A dc'tonating fuse which is exploded by impact. 

Fuze.— Same as “Fuse,” g.y. 

G 

Gad. — ^Thc sharp point on a steel rod, spear, pike pole, or stake. 

Gadding. — In quanying, the drilling of holes for taking out dimension stone 

Gadding-machine. — Th^ drilling machine us(*d in gadding. 

Gad Steel.- See “Steel.” 

Gaff.' “A st.(*(*l or iron hook without a liarb, provid(*d with a wooden handle, used to 
haul in objects that have fall(*n overboanl from a vessel. To hook or engage with 
a gaff. 

Gaff Hook. — Same as “(laff.” 

Gage. -Same :us “Gauge,” q.v, 

Gagger. — A mould(*r’s tool, used to lift sand from a fljusk in moulding. 

Gag Press. — See “Press.” 

Gag Process. — ^The process of bending stnictimal shapes in a gag jjrc'ss. 

Gain. — A beveled shoulder on the end of a mortised brace for the* pur])ose of giving 
additional resistance* to the shoulder. To make progre'ss. To make grooves or 
mortises in timber. 

Gaining. — ^The act of cutting grooves or mortises in timbers. 

Gaining Machine. — An apparat us that doi*s giuning. 

Gallon. — ^An English unit of capacity for dry or liquid mejisure containing ‘2;U cubic 
inches. 

Gallows. — A set of timbers consisting of two upright posts, or props, and a bar or cap, 
laid across their tops and cantilevered out from the posts. Its function is the 
8up|iorting of objects — generally teinpomrily. 

Gallows-frame. — ^Thc frame of a “Gallows,” q.v. 
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Galvanized Iron. — See “Iron.” 

Galvanometer. — ^An instrument for determining the strength and direction of electric 
currents. 

Gang. — combination of several tools, machines, etc., operated by a single force, or 
so contrived as to be made to act as one. Also a company or crew of men. 

Bull Gang. — A crew of unskilled laborers for moving steel from the store yards to 
the bridge site. 

Butty Gang. — ^A gang of workmen who take a contract for a part of any job. 

Erection Gang. — A gang that do(^8 the work of erection. 

Fitting-up Gang. — A gang which does the bolting up of the metal in a bridge shop. 

Riveting Gang. — A gang that docs the riveting. 

Gang DriU.— See “Drill.” 

Gang Plank. — See “Plank.” 

Gang Punch. — See “ Punch.” 

Gangway. — A temporary passage used during erection. 

Gantry or Gauntry. — ^A frame or scaffold which supports a crane or other structure. 

Gantry Crane. — Sec “Crane.” 

Gantry Traveler. — See “Traveler.” 

Gas Engine. — Sec “Engine.” 

Gasket. — Rope-yarn, hc'mp, nibber, rainbow packing, or sheet lead, used at joints in 
water pipes and steam pipes, in pistons of steam engines, manholes of boilers, etc., 
to obtain a tight joint. 

Gasoline Engine. — See “Engine.” 

Gas Pipe.— See “Pipe.” 

Gate. — A movable, barrier. In easting, one of the? various forms of openings made in 
the sand for the molten metal to flow through to the mould. The waste piece 
of metal cast in the gate. A ridge in a casting which htus to be sawn off. 

Automatic Gate. — In bridgework, a steel, timber, or concrete gate that works auto- 
matically. 

Gate Block. — Same as “Snatch Block.” See “Block.” 

Gate Valve.— S(M» “Valv('.” 

Gauge or Gage. — A standard of measure. An instrument for di^tiTmining dimensions, 
capacity, quantitic^s, or forces. A standard of comparison. The distance between 
rivet linos in structural shap(*s. The distance between the inside facias of the heads 
of the rails in a track. 

Air Gauge. — A dial on an air machine which records at all times the; air pressure, 
usually in pounds per square inch. 

Drill Gauge. — A gauge for determining the angle of a twist drill bevel. 

Hand Gauge. — ^Thc ordinary wooden scratch gauge used by cari>enters for marking 
off a line parallel to the edge of a board. 

Hydraulic Gauge. — Same as “Hydraulic Indicator.” Sec “Indicator.” 

Micrometer Gauge. — Same as “Micromotor Calipers.” S(je “Calipc'rs.” 

Plate Gauge. — An instrument for m(Mi.suring the thickn(»4s of inc'tal plates. 

Pressure Gauge. — A gauge which indicatc^^ the pressure* of a fluid. 

Standard Gauge. — ^^Fhe adopte'd standard distancci bc'tween the? inner faces of the 
balls of rails in a track; eiqual to four feet eight and onevhalf inche?s. This was 
established by agreement between all of the railroads so as to interchange cars. 

Steam Gauge. — ^An instrument for determining and inelicating the pre*ssure? of steam. 

Tide Gauge. — A device for indicating, and in some cas(?s registering, the height of 
the tide at any time. 

Track Gauge. — ^The distance between the treads of the rails. Also the tool or device 
for measuring or laying off that distance. 

Wire Gauge. — ^A tool for measuring the diameters of wirra or the thicknesses of sheet 
metals, also the system of sizes and numbers for wires and metal sheets. 
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Gauge Glass. — ^The exposed glass tube, connected with a boiler, which shows the height 
of water in the said boiler. 

Gauge Length. — See Length.” 

Gauge Pile. — See “Pile.” 

Gauging. — Making measurements. The act of judging distances, heights, etc., cither 
by eye or by instruments. Ascertaining the volume of discharge of a stream. 

Gauntry. — Same as “Gantry,” q.v. 

Gear.— A wheel having teeth on its periphery or face. A piece of mechanism for 
transmitting motion. To fit with gears. To connect one part of a mechanism 
at will with another. 

Bevel Gears. — Gears having teeth arranged around the convex surface of a conical 
wheel in the direction of a radial plane passing through the axis of the cone. 

Cast Gears. — Gears made by casting and not cut. 

Chain Gear. — A device for the transmission of motion by means of a chain engaging 
the cogs or sprockets of a wheel. 

Conical Gear. — Same as “Bevel Gear,” q.v. 

Cut Gears. — Gears in which the teeth are cut by a machine so as to mesh accurately, 
in contra-distinction to cast gears in which (he teeth are not machined. 

Differential Gears. — ^A combination of gears by which a differential motion is 
produced. 

Driving Gears. — ^^Fhosc gears which drive other gears or mechanisms. 

Eccentric Gear. — A gcjju* wheel mounted with shaft out of cen<,n\ 

Friction Gear. — A toothk^ss gear wheel transmitting power by means of friction 
btitween its periphc‘iy and that of tlie wheisl in contact. 

Hand Gear. — A hand mechanism for opening the valves of a steam engine in 
starting it. 

Idle Gear. — ^An int(^rmediato gear wheel running loosely on its own axle, used 
to conv(*y motion from one wheel to another, all three btdng upon different 
axles. 

Knuckle Gear. — A crude form of toothed gearing used for slow-moving machinery, 
such as cran(>s. 

liOcking Gear. — A mechanism which locks a movable span when closed. 

Miter Gears. — A ])air of beveled gi^ars in which an elenu^nt of the conical pitch 
Burftice make's an angle of forty-five degrees with the axis. 

Moulded Gears. — Same as “Cast Gears,” g.v. 

Ratchet Gear.— A gear wheel having sharp-pointed teeth, rum-symmetrical about 
a radial lim*, leaning away from the direction of rotation so as to engage a pawl 
which catches on the tooth and prevents backward motion. 

Spin Gear. — Same as “ Idle Gear,” q,v. 

Spiral Gear. — A gear having t(H'th arranged spirally, so to mesh with a worm. 

Split Gear. — A gear wheed made in halves for convenience in mounting. 

Spur Gear. — ^A gear having teeth arranged around either tlu* concave or convex 
surface of a cylindrical wheel and in the direction of a radial plane passing through 
the axis. 

Stepped Gear. — A form of gearing in which each tooth or cog on the face of a wheel 
is n^placed by a series of smaller tendh. 

Stripping of Gears. — ^Thc tearing or shearing off of the teeth of gear wheels or portions 
thereof. 

Worm Gear. — ^A gear wheel having special oblique teeth which mesh with a worm. 

Geared Locomotive. — Sec “Locomotive.” 

Gearing. — A train of gear wheels. A general term for the parts of a machine or 
mechanism, taken collectively, which transmit motion. 

Frictional Gearing. — Wheels which make rolling contact and transmit motion by the 
friction set up between their surfaces. 
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Gearing. 

Knuckle Gearing. — A train of knuckle gf^ars, q.v. 

Meshing of Gearing.- -The* engaging or interlocking of the teeth of one gear with 
those of anoth(*r. 

Pivot Gearing. — A systc^ni of gearing so dividcMl aji$ to admit of shifting the axis of 
the driv(‘ so that the machine can be set in any direction with relation to the 
power. 

Gear Wheel. — ^A wIkm*! having teeth that will mesh with those of another toothed wheel 
or with a toothed rack. Also called “Gear,” q.v. 

General Contractor. — See “Contrac.tor.” 

General Drawing. — See “Drawing.” 

General Foreman. — See “ Foreman.” 

General Layout. — Si'O “Layout.” 

Geometrical Progression. — See “Progression.” 

Geostatic. — Pertaining to ('arth in a quiescent condition due to a balance of forces or 
pn'ssures. Having the (piality of maintaining ('arth in equilibrium. 

Geostatic Arch. — See “Arch.” 

German’s Knot. — Same jus a “Figure Eight Knot.” Sec “Knot.” 

German Steel. --Se(» “Ste(*l.” 

Giasticutus Rod. — See “Rod.” 

Gib. -A piece* of metal in the* shape* erf an elemgatesl e*hanne'l, usenl jus ji clamp. 

Gilbreth Pile.— See* “Pile .” 

Gin. — \ revolving vertical pole or column, usujilly furnish(*el with a rope drum, having 
one or mon* long horizontjil arms by whie*h iK)wer is applied to tui*n the* drum 
and wind up the* rope*, theTeby rjiising ji we'ight. 

Horse Gin. — A gin elrive*n by one* or more* horse‘s. 

Gin Block.— Sen* “Bbck.” 

Gin Pole. — A mast, eu* ve*rtical pole, guyeel to the ground by cables. Used in connection 
with bloejks jinel tackle; for raising W(*ights. 

Gin Pole Derrick. — See “Derrick.” 

Gin Tackle.— See “Tackle.” 

Gin Type Derrick.— Se*e» “D€*rrick.” 

Girder. — A be*am or e*ompouiiel structure acting as a beam carrying principally trans- 
ve*rse* lojiels which ele*ve*lop noriiud n*actions at the* suppe)rts. 

Arched Girder. — A girder which is cut, bi‘nt, or built in the shaj)e* erf an arch. 

Bowstring Girder. — \ girele*r consisting of a curve*d rib or bejiin, hjiving a horizontal 
tension member arranged as a chonl and connectc*d to the rib by ve*rtical tie 
rods. 

Box Girder. — A type of girder having two w'cbs giving a see;tion resembling a box 
made up of phitew and angle's rivete*d te)gethe*r and fe)rming flanges and webs. 

Built Girder. — A girele;r rnaele* up of structurjil plate*s anel angle's. 

Circular Girder. — A gireh'r built in the; shape of a circle. 

Compound Girder. — Same as a “Built Ginler,” q.v. 

Concrete Girder. — A girele;r built of e!e)ne;rete; juiel usually re»inforce*d with steel. 

Continuous Girder. — A girele*r with mon; than two suppe>rts. 

Crane Girder. — A girder eith(;r stationary or movable*, use*el feir hoisting. 

Cross Girder. — Any girder passing across a brielge frenn one truss or main girder 
to another, and, ge*nc»rally, p(*rpe;nelicular to the; truss or girder planes. 

Curb Girder. — A steel or reinforced concrete girde;r holding up the sidewalk and 
forming the curb of a rojwlway. 

Curved Girder. — Any ginler in the shape of a curve*. 

Deck Girder. — One of the main girders of a dee;k bridge, q.v. 

Deck Plate Girder. — One of the main plate gird(;rs in a deck bridgCj q,v. 

Effective Depth of Girder. — See “Depth.” 
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Girder. 

Expansion Girder. — Any girder one end of which is allowed to move. 

Fascia Girder. — A longitudinal girder at the extreme edge of a structure so finished 
as to present a neat appearance. 

Fish Bellied Girder. — gird(T having the top flange horizontal and the bottom flange 
curved in the shape of a fish’s belly. 

Flitched Girder. — Same as '^Sandwich Girder,” q.v. 

Floor Girder. — ^Any gini(*r which supports a ijortion of the* floor and its load. 

Framed Girder. — A gird(T constnictcnl of timbers frame<l tog('thor. 

Half- latticed Girder or Half-plate Latticed Girder. — A lattice girtler the ends of 
wliich have w«'b platens whil(i the cciiitral portion ot the web is latticed. 

Half-through Girder. — A loose expression for a girder of a “Half-through Girder- 
Span,” q.v. 

Half-through Latticed Girder. — A loose expression for a latticed girder of a “Half- 
through Span,” q.v. 

Half-through Plate Girder. — ^A loose expression for a plate girder of a “Half-through 
Span,” q.o. 

I-Beam Girder. — A girdc^r composed of an I-Beam. 

Latticed Girder. — A rivetc'tl gird(T having the uppcT and lower flanges connected 
by latticing, or by diagonal bjirs or angle's. 

Longitudinal Girder. — The main girder in a structure running parallel to the centre 
line th(‘r('of. 

Open Web Girder. — Samc^ as “Latticecl Girder.” 

Overhead Girder. — A girder that is overhead — usually moving on an overhead 
track 21S in a trav(‘ling eraiu*. 

Plate Girder. — A girtler built of stnietural plate's and angles. 

Riveted Girder. — A girdc'i- built of plates and angles rivt'te'd togc'ther throughout. 

Sandwich Girder. — A girder or beam having an iron or steel platen inserted between 
two woodi'ii beams and rigidly bolted thereto. 

Skid Girder. — A built-up plate-ginler with the web lying in the horizontal piano 
riv(Jt(Hl to th(^ inside' of the web members of a truss to protc'ct these members in 
case; of derailment of trains. 

Stiffening Girder. — A ginler emidoytHl to give vertical stiffness, as in the case of a 
suspension bridge. 

Stone Girder. — A lintel. 

T-Beam Girder. — A girder built in the sha|H' of the letter T. 

Through Girder. — Incorn'ctly uschI for a “Half-through Girder.” Strictly speaking, 
a through ginh'r would mean a main girder of a tubuhir bridge. See “ Half-through 
Span.” 

Timber Girder. — A girder built mainly of timber. 

Transverse Girder. — Same as “Ooss Ginler,” q.v. 

Traveling Girder. — A gii-der that, moves on rails. 

Triangular Girder. — A lattici'd girtler having a system of web members all inclined 
to the vertit^al. 

Trussed Girder. — A girtler stiff eiicHl ami strengtls'iied by means of tnissing, q.v. 

Truss Girder. — A ginler having a lattict'd web system fonning with the flanges 
a truss in all essential features. 

Turntable Girder. — A fish-belli('d girder that is used for a tuni-table. 

Warren Girder. — A lattict'd triangular girder in which all the triangle's arc equilateral. 
Nowadays any triangular girder is spoken of as a Warren Girder. 

Girder Bridge. — Sw “ Bridge.” 

Girder Dogs. — Set? “Dog.” 

Girder Guard-rail. — S(?c “Guaixl-rail.” 

Girder Hook.--Same us “Girder Dog.” 
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Girder Iron. — See “Iron.” 

Girder Rjui.-^Scc “Rail.” 

Girder Span. — See “Span.” 

Girt. — Well braced, as the taut guys on a derrick. 

Girth. — ^The length of th(' pcTimcter of a cross-section. 

Glacis. — An (‘asy slope of earth. 

Gland. — A stuffing box around the piston-rod of an engine. A type of coupling for 
shafts. 

Glass Cutter. — S('e “Cutter.” 

Glazed Iron. — See “Iron.” 

Globe Valve. — Sec “Valve.” 

Gneiss. — ^A rock whi(!h consists essentially of the same elements jus granite, but having 
th(* mica disposed in parallel plam^s, producing a moderate Umdency to cleavage 
into thick slabs. 

Go-devil. — A rough sled for hauling material on snow or ice. A dewice for exploding 
dymamite cartridg('s in holes. A star-shaped tool with a sharp, tapering point. 

Gog Press. — Same as “Gag Phhss.” See “Press.” 

Goose-neck. — An iron or steel hook fitted into the inn(T end of a boom for temporary 
attachment to a clamp or an eye bolt. A curved pip(‘ for discharging material 
from a caisson by means of compressed air. A piece of steel bent in “S” shape. 
A flexible coupling. 

Goose-neck Dolly. — See “ Dolly.” 

Gordon’s Formula. — ^A column formula. Also calknl Rankinc’s formula 

p p 

! + “;*■ 

where 

p = the allowable unit stress for the column. 

s = the allowable unit stn'ss for blocks. 

a = a constant depending on end conditions, etc. 

I = the unsupi>orted length of the? column. 

r = the least, radius of gyration in reference to an axis normal to the plane 
in which flexure takes place. 

Gouge. — To scoop out. A chisel with a longitudinal curved edge for cutting wood, 
ston(», or metal. 

Hand Gouge. — A gouge that Ls operated by holding it in the hand. 

Handle Gouge. — A gouge in the form of a rivet-buster mounted on a handle and 
us<h 1 to cut metal. 

Governor. — An apparatus consisting of two balls or weights on radial arms pivot cmI to 
an upright revolving axis, so arranged as to fly outward by cc^ntrifugal reliction 
and in so doing to raise the radial arms and move a valve. Used as a regulator. 

Grab. — mechanical device for gripping an oliject, such as a grab-iron. 

Grab Bucket. — Sec^ “ Bucket.” 

Grade. — ^^fhe degrcK; of inclination from the horizontal, expn'ssed usually in percentage. 
To arrange in order according to size or quality. To build a roadway. To lower 
a hill, especially by hydraulicking. 

Break in Grade. — That point wh(;rc the grade changes. 'Fhe change itself. 

Sub Grade. — The bottom surface of the ballast or pavement. 

Grade Crossing. — Sen “Crossing.” 

Grade Une.— Sen “Line.” 

Grade Plug. — ^A plug, generally of wood, driven down so that the top is at the exact 
f‘levation of the cutting at the place where the said plug is driven. 

Grade Point. — A point of established elevation to which a grade is to be brought. 
Grade Stake.— See “Stake.” 
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Gradient. — ^Thc rate of grade, measured by the rise or fall in one hundred feet, and 
generally expressed as so much per cent. 

Gradienter. — A small screw, with graduated head attached to an engineer’s transit 
for turning off small vertical angles. Used in fixing grades. 

Grain. — ^l^he smallest unit of weight of the English system. The texture of material. 
The fork of a river, or a place at which two streams unite. A tine, prong, or spike. 
The arrangement and direction of the fibres in wood. 

Granite. — A rock composed of mica, feldspar, and quartz with a thoroughly crystalline, 
granular texture. 

Banded Granite, or Bastard Granite, or Foliated Granite. —Same as Gneiss,” q.v. 

Granite-chips. — ^I'he chippings left from granite after dressing; the crushings of granite 
spawls. 

Granite Masonry. — See “Masonry.” 

Granite Screenings. — See “Screenings.” 

Granitoid. — Small chippings of any granite mixed with cement forming concrete for 
sidewalks, curbs, ('tc. Nowadays, any concrete composed of flinty, hard chippings 
mixed with sand and cem(»nt is crroncK>usly termed granitoid. 

Granular. — Containing or bearing grains or granules. 

Granular Fracture. — Sec “Fracture*.” 

Granular Structure. — See “Stnictun*.” 

Graphic Diagram. — Scm; “ Diagram.” 

Graphics. — Tlu^ m(;thod or process of solving problems by means of drawing lines. 

Graphic Statics. — Scm^ “Statics.” 

Graphite. — A form of carbon. Used for lead t)(*ncils, lubrication of machinery, the 
rubbing surfa^jcs of wooil, and as a conductor in el(*c.trical construction. Also 
employed Jis a pigment for paints used in structural steel work. 

Black Lead Graphite or Plumbago Graphite. — Same os “Graphite,” r/.c. 

Graphite Paint. — S(»e “Paint.” 

Grapline or Grapnel. — A mechanical device having six arms shaped like an anchor, 
used to grasp things in deep water. 

Grappicr’s Cement. — S(*e “Cement.” 

Grapple. — ^To cast and drag with a grapnel. 

Grappling Iron. — An instrument having several iron or steel claws for holding fast to 
things. 

Gravel.- -Worn, round fragments of rock, occurring in natural d(*posits, small enough 
to p:usH through a two and one-half inch iron ring and large enough to be retained 
on a No. 10 screen. 

Gravel Concrete. — See “Concrete.” 

Gravel Sieve. — Si^e “Sieve.” 

Gravimeter. —An instrument for determining the centre of gi*avity of a body. 

Gravity. — I'he forctj <)f attraction exerted by the esirth on bodi(*s near it. Weight 
as contnir<listinguished from mass. 

Axis of Gravity. — A line passing through the centres of gravity of succ('ssive elemental 
sections of a body. 

Centre of Gravity. — That point in a body about which the weights of all the various 
portions balance. It is found experimentally by balancing on a knife* edge. 

Line of Gravity. — The line along which the centre of gravity would move, if the body 
were free to fall. 

Plane of Gravity. — ^Any vertical plane passing tlux)ugh the centre of gravity of a 
body. 

Specific Gravity. — ^The ratio of the weight of a unit volume of a substance to the weif^t 
of a like volume of the standard substance, such as water. 

Gray Column. — See “Column.” 

Gray Iron.— See “Iron.” 
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Green Concrete. — Sco “Concri'to.” 

Green Masonry. — Sw JMjisonry.” 

Green Sand. — See “Sand.” 

Grillage. — A network of tiinbc^rs laid across each other, generally at right angles. 
Frc^quently placc'd on the heads of piles for supporting bridge piers and other 
iiijisonry. i\lso a iw'twork of rolled or built bi^atns |)ut in a pi(T, to distribute 
the weight from the shoe, or at the bottom of a shaft to spread quickly the weight 
over a grc'atly (Milargc'd area. 

Grlndle Stone or Grind Stone. — A mediuin-hai*d sandstoiK* in the shape of a wIiimJ 
with a broad face, mounted on a shaft for rotating. Used for sharpening tools 
by attrition. 

Grip. — ^To s('ize or hold f:ist. That portion of a rivet, between the two heads after being 
driven. Th(‘ thickness of material through which pins, bolts, or rivets penetrate. 

Grip of Bolt.— See “Bolt.” 

Grip of Rivet. — See “Rivet.” 

Groin or Groyne. — An arch construction forimd by two seginc*ntal arches intersecting 
each other at right angles. A construction of timber and stone built out into a 
str(»ain to retard or deflcKJt the current. 

Groined Arch. — See “Arch.” 

Groove. — A small channel. A cut in inatcTial. 

Chamfered Groove. — triangular groove. 

Oil Groove. — A groove* cut in the interior surface of a bf*aring (o facilitate the sprcfid- 
ing of oil over the journal. 

Grooved Rail. — Same ;is “Girder Guaid-rail.” See “Guard-rail.” 

Groove Joint. — S(*(? “Joint.” 

Groover.— .\ cement finishc'r’s hand tool for marking cement surfaces with indf*ntations. 

Gross Section. — See “S(‘Ction.” 

Ground Finish. — S(‘<* “ Finish.” 

Ground-hog. — A labor(*r who digs in the ground or who works under the* ground. In 
contnulistinction to a “Sand-hog,” who works und(*r water in a pneumatic caisson. 

Ground Joint. — See “Joint.” 

Ground Line. — See “ fJne.” 

Grout. — ^A mortar composed of sand, cement, and water of such liquid consistency 
that it can easily be poured. To pour grout into a void. 

Portland Cement Grout. — Grout in which Portland c<*iiient is uschI. 

Grouting. — The i)ouring of grout. 

Grubbing. —The removing of stumps and roots from foundation sites. Appli(*d specially 
to railway embankments. 

Guard. — Any part of an applianc<*, stnicture, or attachment d(‘sign(*d to prevent the 
injuring of persons, vehicles, etc. A fendc»r. 

Bridge Guard. — .V timber or other construction, usually in the form of a largcj i)ost 
sunk deep into the ground near the end of a bridge so as to prevent its b<ung struck 
by c*ither flerailed cars or b:idly shift(*d loading. 

Cattle Guard. — A devic(j consisting usually of sharp-(*dged, parallel bars plactnl in 
a railroarl track to pnwent stock fnnn getting on the; right-of-way. 

Dust Guard. — Ste(*l plates placet! around rockers, rollt*rs, etc., on shoes to k(M*p 
out dirt and dust. A thin piece of wchhI, leather, or fabric fitted to a journal-box 
to keep out the dust from the bearings, and to prevent the escape of oil and waste 
from the box. 

Hub Guard. — An angle*, plate, etc., on corners of conertito, masonry, and similar 
materials, wh(;re vehicular traffic passc*^, to prot(‘ct thc;m agiiinst injury by the 
rubbing of wheel hubs. 

Ice Guard. — A f(;nd(;r placed at the up-strt;am r^nd of a bridge pier to divert the ice 
or else to break up the large cakes into small pieces. 
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Guard. 

Rerailins Guard. — casting or device attached to the rails near the end of a railway 
structure so that, if an engine or c«ar is deraihnl, it will run back on the track. 

Rope Guard. — mechanical device for ropes running over sheaves or through pullc'y- 
blocks. 

Wheel Guard. — A timber or iron placed on the side of the roadway of a bridge to 
prevent the wheel hubs from striking the truss or the hand railing. 

Guard-rail. — Same as Felly Plank,” q,v. Also the inner steel rails between the main 
rails of a railway track. 

Girder Guard-rail. — K stren^t car rail having a ball wid(T than the ordinary rail and 
with a slot in it to allow the flanges of the car wheels to roll therein. This rail is 
often placed on curves. 

Inner Guard-rails. — Guard-rails placecl betwec'n the gauges lines of a car track. 

Outer Guard-rails. — Guard-rails plsiced outside the rails of a ear track. 

Guard Timber. — X guard-rail made of a timbcT, usually dappc'd over the; ties for railway 
bridge's. 

Gudgeon. — ^I'hat part of a shaft resting in the bewaring, cspe'cially when made of a 
separate piece. A metallie, journal-piece let into the (‘lul of a wooden shaft. A 
metallic. i)in used for securing togetluT two blocks or slabs of stone. A cramp. 

Gudgeon Pin. — Same as ”Gudg('on,” q.i\ 

Guide. — Any apparatus or cont rivance intendcHl to dirt^ct or to keep to a desired course 
or motion. 

Hammer Guides. — ^The guides for holding in proper course the motion of a hammer. 

Guide Bar. — S(M' “Bar.” 

Guide Block. — Same as “Guid(^ Bar,” q,v. 

Guide Chair. -A (U'vice n'sc'mbling a chair, used as a guide. 

Guide Frame.— A franw'work used as a guide. 

Guide Pile.- -S(‘(; “ Pile.” 

Guide Pin.— See “Pin.” 

Guide Pulley. — See “ Pulley.” 

Guide Rail.— See “Rail.” 

Guide Roller. — S( m? “RoIIt.” 

Guide Ropes. -Sw “ Rop(»s.” 

Guide Screw. — See “Screw.” 

Guide Tube.— See “Tube*.” 

Guide Wedge. -See “ Weilge.” 

Guide-yoke. — A yokc»-s]iaped piece for support ing the guides in a machine or engine. 

Gun. — A device* for discharging missies through a tube. Also a liummer operated 
by air. 

Air Gun. — \ piu'uinat ic riveting hammer. 

Blow Gun.-- -A barrel or pipe tlimugh which material is blowm. 

Cement Gun. --A barrel or nozzle thnnigh w’hich gnnit is forced by compressed air. 

Pneumatic Riveting Gun. — A rivet hammer operateil by coiiipresscd air. 

Riveting Gun. — A riveting liainmer. 

Gun Metal. — Sana* sis “ Bronze*,” q.r. 

Gunnel or Gunwale. — The* upper (*dgc of a boat’s side. 

Gunnysack.--A (josirsc* sack of jute* or hemp for various usc*s, sucli as holding cement 
in transit or to contain sand for revetment. 

Gunpowder. — An exjflosive mixture of nitre, charcoal, ami sulphur. 

Gunpowder Pile Driver.- >^(*c* “Pile Driv(*r.” 

Gunwale.- -Same as “(Junnel,” q.r. 

Gusset. — An angular pi(*cc of iron or sUh» 1, or a stt*el plate fastc'ni*tl to angles, channels, 
or the nu'inbers of a stnicturc to give strength and stiffness to them, or to connc*ct 
them to the construction. 
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Gusset Plate. — See Plate.” 

Guy. — line for bracing the top of a pole, derrick, or any other similar apparatus. 

Guy Derrick. — Sw ‘‘Derrick.” 

Guy Line. — Same as “Guy,” q,v, 

Guy Ring.— See “Ring.” 

Guy Rope. — Scje “ Rope.” 

Gypsum. — A chalk formation containing the native hydrous sulphate of calcium. 

Gyrate. — To nivolve about an axis or a point. 

Gyration. — The act of revolving or gyrating. 

Centre of Gyration. — A point in a revolving body such that if all the matter of the 
said bony could be collected there, the body would continue to revolve with the 
same energy as when its parts were in their original places. 

Radius of Gyration. — The radius of gyration of a body about a given axis is the 
distances from the axis of rotation to the centre of gyration, and is (H|ual to the 
square root of the mean of all the squares of the distances from the axis of rotation 
to all the points in the body. 

Gyroscope. — An instrument consisting of a fly-wheel so mounted that its axis is free to 
turn in any direction. It is used to illustrate the dynamics of rotating bodies. 

H 


Hacked Bolt.— See “Bolt.” 

Hacksaw. — See “Saw.” 

Haft. — A handle for a cutting tool. To supply with a handle. 

Half-and-half Joint. — See “Joint.” 

Half-hitch Knot.— S('e “Knot.” 

Half-latticed Girder.— Sec “Girder.” 

Half-plate Latticed Girder. — See “Girder.” 

Half-round Bastard File. — See “File.” 

Half-round Rasp. — See “ Rasp.” 

Half-round Wood File.— Sec “File.” 

Half-through Plate Girder. — S(;e “Girder.” 

Half-through Span. — Sec “Span.” 

Half-through Truss. — Set? “Truss.” 

Halving. — Notching together two timbers which cross each other, so deeply that the 
joint thickness shall equal only that of one whole timber. 

Halving Joint. — See “Joint.” 

Hammer. — A hand tool consisting of a solid head of metal, wood, or stone set crosswise 
on a handle. UschI for berating, bn^aking, or driving. The part of a pile driver or 
of a steam hammer which strikes the blow. To beat or to drive. 

Air Hammer. — A machine hammer driven by compressed air, as an air riveting 
hammer. 

Axe Hammer. — A mason’s hand tool consisting of a combined hammer and axe 
on a short handle. 

Ballast Hammer. — ^A double-faced, long-handled, hand-hammer used in tamping 
ballast und(;r and around ties. 

Blocking Hammer. — A hand hammer which has a head that is diamond shaped. 

Bricklayer’s Hammer. — A hammer having a bent pt^en, uschI in brick work. 

Bush Hammer. — ^A mason’s finishing hammer having regular rows of ]K)ints or pn)- 
jections on its faces. 

Bust Hammer. — A hammer, used in riveting work, having a rivet buster on one 
end of the head and a hammer on the other end. 

Claw Hammer. — ^A carpenter’s hand hammer having a poll on one end of the head 
and a claw on the other. 
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Hammer. 

Cleveland Hammer. — One of the numerous makes of air riveting hammers. 

Clipping Hammer. — chisel-edged hammer used for clipping stone, concrete, etc. 
Nowadays air hammers arc so arranged that they can quickly be converted into 
clipping hammers. 

Double-faced Hammer. — ^A forging apparatus for striking on opposite sides, as in 
case of a bloom. 

Drop Hammer. — ^A heavy weiglit, working in guides, which is raised by means of 
a rope or cable and then allowed to drop. 

Duplex Hammer. — Same as “Double Faced Hammer,” g.w. 

Electric Hammer. — ^An electrical apparatus for working a rock drill. 

Engineer’s Hammer. — Usually a two faced cylindrical hand hammer, though some- 
times having a cylindrical poll and a triangular peen. 

Flogging Hammer. — ^A very large hammer used with a flogging chisel for chipping 
iron castings. 

Foot Hammer. — A machine hammer operatcKl by a treadle. 

Forge Hammer. — A hammer used for breaking and trimming rocks. 

Friction Hammer. — A drop-hammer raised by the friction of rollers. 

Hand Hammer. — Any hammer wliich is used by hand. 

Helve Hammer. — A trip-hammer. 

Holding-up Hammer. — A heavy engineer’s hammer on a long handle, used in times 
past for bucking up rivets. 

Lift Hammer. — A drop-hammer of a pile driver. 

Machinist’s Hammer. — ^A hammer with a round, flat face and a cross peen. 

Mason’s Hammer. — A square - faced hammer with a peen in line with the 
handle. 

Nasmyth’s Steam Hammer. — The earliest form of steam hammer — invented by 
Nasmyth and Bourdon. Its essentials are a steam cylinder, piston, piston rod 
carrying a lu^ivy weight for hammer, pile cap and a frame of two I-beams holding 
the parts tog('th(*r. 

Peane Hammer, or Pane Hammer. — Same sis “Peen Hammer,” q.v. 

Patent Hammer. — A stomvmason’s hammer having knife-like ridges on its face, 
ustxl for dressing stone. 

Pean Hammer. — Same as “Peum IlammcT,” q,v. 

Peen Hammer. — A hammer having a peon on one or both faces. Sec “Pceii.” 

Pein Hammer, or Pene Hammer. — Same iis “Peen Hammer,” g.r. 

Pile-Driver Hammer, or Pile Hammer. — A drop hammer or a steam hammer used 
in driving piles. 

Plow Hammer. — Same as “Engineer’s Hammer,” q.v. 

Pneumatic Hammer. — A hammer opcrattxl by compressed air. 

Power Hammer. —A hammer us(h 1 for forging work. 

Raising Hammer. — ^A hammer used for deeply dishing metal plates. 

Rivet Hammer. — A pneumatic or hand hammer for driving rivets. Also a light 
engineer’s hammer for ti'sting the tightness of rivets after driving. 

Scabbing Hammer or Scaling Hammer. — ^A hammer used for loosening and removing 
scale from steam boilers. 

Sledge Hammer. — ^A medium-sized head of a sledge mounted on a short, thick handle. 
Sec “SUnlge.” 

Slogging Hammer. — ^A voiy heavy hammer-head on a long handle used in past 
times for the hand-driving of rivets. 

Spalling Hammer. — A h(*avy axe-like hammer uscxl for roughly dressing stones. 

Stamping Hammer. — A small hand hammer having the initials of the firm’s name 
on the pointed end, used by timber inspectors and the like to stamp material 
which has been inspected and accepted. 
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Hammer. 

Steam Hammer. — powerful machine hammer consisting of a steam cylinder 
mountcHl betwc'on guides, a piston, a piston rod with a heavy ram at its lower 
end, and an anvil at the base of the supporting frame. Steam is admitted to the 
cylinder by suitable valve mechanism and raises the piston in all cases, while in 
some it gives an added impulse to the natural fall of the ram. Sixty to eighty 
blows per minute can be delivered by this apparatus. 

Stone Hammer. — mason’s hammer, used for chipping stone. 

Striking Hammer. — A quarryman’s hammer for striking a rock drill. 

Tie Hammer. — A stamping hammer used on ties during inspection. 

Tilt Hammer. — A power hammer having a head mounted on the end of a lever that 
is raistxl by a cam and then allowed to fall by gravity, although frequently a spring 
is useil to give an additional impulse to the ram. 

Trip Hammer. — Same as “Tilt Hfunmer,” q.v. 

Welding Hammer. — A hammer used in welding metals. 

Wrench Hammer.— See “ Wrtmeh.” 

Hammer Axe. — Same as “Axe Hammer,” g.w. 

Hammer Beam. — Sec “ Beam.” 

Hammer Dressing. — See “ Dressing.” 

Hammered Head. — A hcnid formed on the end of a bar by hammering. 

Hammer Guides. — See “Guide.” 

Hammer-hardened. — Hardened by a process of hammering. 

Hammer Head. — See “Head.” 

Hammer-mark. — A mark left by the blow of a hainmcT. 

Hammer-pick. — hand tool having a hammer face at one end of the head, and a pointed 
pick at the other. 

Hammer Scale. — See “S(?ale.” 

Hammer Tongs. — S<'e “Tongs.” 

Hammer-wrought. — Anything which has been wrought wnth a hammer. 

Hand Axe. — See “Axe.” 

Hand-book. — \ book containing structural shapes, tables, etc. A “ Vwlc rrwcum,^^ 
Hand-brick. — See “Brick.” 

Hand-car.— Sec “Car.” 

Hand Drill.— See “Drill.” 

Hand Float. — ^A wooflen or metal trowel. See “Trowel.” 

Hand Frame. — See “Frame.” 

Hand Gauge. — See “Gauge.” 

Hand Gear. — See “Gear.” 

Hand Glass. — \ reading or magnifying glass; used in transit work. 

Hand Gouge. — Sijc “Gouge.” 

Hand Hammer. — See “ Hammer.” 

Hand-hole. — A hole in a piece of metal, wood, etc., large enough for a hand to be 
inserted. Used in webs and diaphragms at times to facilitate bolting up and 
riveting in close spaces. 

Hand Hook.— See “Hook.” 

Handle. — ^To direct or control by hand. That part of anything which is intended to 
be grasped by the hand. 

Handle Gouge. — See “Gouge.” 

Handle Lock Sleeve. — See “Sleeve.” • 

Hand Level. — Sec “ Level.” 

Hand Lever. — See “Lever.” 

Hand Line.— See “ Line.” 

Hand Pile Driver. — See ‘^Pile Driver.' 

Hand-power Line.— See “line.” 
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Hand Pump.— See “Pump.” 

Hand Rail.-^ “Rail.” 

Hand-raU Cap.— See “Cap.” 

Hand-rail Post. — Sec “Post.” 

Hand Reamer. — See “Reamer.” 

Hand Riveting. — See “Riveting.” 

Hand-saw.— See “Saw.” 

Hand-spike. — See “Spike.” 

Hand Vise.— Sec “Vise.” 

Hand Wheel.— Sec “Wheel.” 

Hand Winch. — Sec “Winch.” 

Hand-wrought. — ^Worked or shaped by hand. 

Hanger Plate. — See “Plate.” 

Hangers. — Fixtures projecting below a ceiling to support bearings for a line shaft. 
Also a lii[3-vcrtical or suspender of a truss. Also a tension member supporting 
a floor system in an arch or in a suspension bridge. A beam hanger, q.v. 

Beam Hanger. — A rod or square bar supporting a floor-beam from a chord pin. 

Spandrel Hangers. — Hangers extending from the intrados of the arch to a longitudinal 
beam forming part of the lower roiulway. 

Hanging Bridge. — Samci as “Suspension Bridge,” g.v. 

Hard-burned. — Overburned, a term used in the manufacture of brick. 

Hardening of Steel.— S(3c “Steel.” 

Hardie. — A steel block having a wedge-shaped edge set in an anvil and used for cutting 
heated metals. 

Hardpan. — ^A very compact layer or bed of mingled clay and sand or pebbles, or one 
of shale. 

Hard Set. — Same as “Final Set.” Sec “Set.” 

Hard Steel.— Sec; “Sle(‘l.” 

Hardwood. -^-Sce “Wood.” 

Harmonic Curve. — Same as “Sine Curve.” See “Curve.” 

Harmonic Motion. — A n^nprocating, rectilinear motion in which the space described 
by the moving body or point varies as the sine of time angl(^ Also the motion 
described by the projection, on a diameter, of a point moving uniformly in the 
circumferenc;c? of a circle. 

Hasp. — A chwp that passes over a staple and is fiisteniHl to it by a pin or a padlock. 

Hatch. — To shsule drawings by i^iuidistant parallel lines. 

Crosshatching. — ^The method of shadowing or hatcliing by using two intersecting 
sets of parallel lines. 

Haul ; or Free Haul. — ^The distance within a given limit, set by the specifications, that 
material is hauled in constniction work. 

Average Haul. — The mean distance tliat mab^rial is to 1>e haiiknl. The distance 
from the (lentn? of gravity of the cut to the centre of gravity of the fill in resix*ct 
to all t.he material moved. 

Total Haul. — ^TIk^ total distance that a mati'rial is hauled. 

Haunch. — ^I'hat ])art of an arch betwe(m the crown and the skewbiUik. 

Hay Steel. — Sec “Steel.” 

Head. — A top, upper, or higher part or place. An enlargement resembling the head 
of an animal. 

Bolt Head. — ^I'he enlarged end of a bolt having a square or hexagonal shape. 

Button Head. — ^Thc liead of a bar, bolt, or rivet having the shape of a button. 

Capstan Head. — That portion of the capstan wliich contains the holes for receiving 
the ends of the capstan bars. 

Chord Head. — ^The enlarged head of a chord bar through which the pin passes. 

Dog Head.— A round headed tool, used for breaking stones. 
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Head. 

Eye-bar Head. — ^Thc enlarged end of the cyc-bar through which the pin passes. 

Jetty Head. — ^The projection at the end of a jetty. 

PUe Head. — The top of the pile as driven. Also applied to the short pieces sawn 
off the tops of piles to bring them to a uniform elevation; sometimes called cut- 
off ends. 

Saddle Head. — A hollow easting resting on the heads of columns to sustain another 
column above and to allow beams to pass through. 

Welded Heads. — ^Ilcads first worketl into the desired shape and then welded on the 
bars. 

Head-block. — A timber at the top of a pile driver which connects tlfe two leads. 
Header. — In timber construction, the large beam into which the (common joists are 
framed in forming openings for stairs, chimneys, c^tc. A cross-beam between 
and supported by two longitudinal beams, furnishing a rest for one or more inter- 
mediate short longitudinal beams. A stone or brick which has its greatest 
dimension perpendicular to the face of the wall. 

Blind Header. — In masonry, a header stone or brick that is hidden from view. 
Header and Stretcher Bond. — Sec; ^'Bond.” 

Head Frame. — Same as “Gallows Frame/* q.v. 

Heading Chisel.— Sc^e “Chisel.” 

Heading Joint. — See “Joint.” 

Heading Tool.— See “Tool.*' 

Head Sheaves. — Sec “Sheaves.” 

Head Valve.— See “Valve.** 

Head WaU.— See “Wall.** 

Headway or Clear-headway. — See “Clear-headway.** 

Heart. — ^The solid central part of a tnn? containing neilluT sap nor albumen. 

Per Cent of Heart. — The ratio of the area of heart wood to the entire area of the 
section of timber. 

Ring Heart. — A cleavage along the surface of an annular ring about half way between 
the heart and the bark of a tree. 

Heart Bond. — Sw “Bond.** 

Heart Cam. — See “Cam.** 

Heart Check. — S(h; “Check.** 

Heart Shake.— See “Shake.** 

Heart Tie.— See “Tie.** 

Heart Wood.— See “Wood.** 

Heat. — A form of (mergy manifcstcxl by the motion of the molecules of a body. 

Latent Heat. — The* amount of heat absorbed or liberated when a body undergoes 
a physical change, the temperature of the body remaining const<ant. 

Heater. — An apparatus for heating, a furnace, a forge, a fcied wat(*r hc»at(*r, c»tc. 

Heat Test (of Cement). — Same as “Boiling Test.** See “Test.** 

Heel. — ^Thc dip of a barge. A form of moulding in masf)nry. The? lower end of a stud 
or rafter. Applic'd to almost anything in construction that re«sembl(») a heed. 

Heel Dolly.— S(!e “Dolly.** 

Helicoid. — The smface generated by a straight line; revolving about the axis of a helix 
and moving parallel to itself along .such axis whih; following the curve of the helix. 
Hefix.— A curve of double curvature generated by a pennt rotating about an axis with 
a constant radius which moves along the axis in proportion to its angular motion. 
Helve. — ^The handle of an axe. 

Helve Hammer. — Sec “Hammer.** 

Hemp. — ^A species of plant which has tough and strong fibres, used for twisting into 
ropes and cables. 

Henequln Hemp. — ^A kind of hemp which grows in Cuba and parts of Mexico. 
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Hemp. 

Manila Hemp. — very fine hemp grown in the Philippine Islands. 

Sisal Hemp. — Same as ''Hcneqiiiii Hemp/' q.v, 

Virginia Hemp. — ^An inferior species of hemp grown along the rivers in the Eastern 
United States. 

Water Hemp. — Same as “Virginia Hemp,” q,v. 

Hemp Packing. — See “Packing.” 

Henequin Hemp. — See “Hemp.” 

Herring-bone. — ^^Fhe diagonal stmts fixed at intervals between the beams of a floor 
. to distribute the load on one bc^am to adjacent beams and to increase the stiffness 
of the beams. Also applied to a course of stone laid at an angle so that the stones 
in each course arc placed side by side, and obliquely to the right and to the left 
in alternate combes. 

Herring-bone Dressing. — Sch 3 “Dressing.” 

Herring-bone Work.— Sec “Work.” 

Hewed Tie.— S(ie “Tie.” 

Hexagon. — A regular six-sided figure. 

Hexagonal Nut.~Sec “Nut.” 

Hick Joint.~-Sec^ “.Joint.” 

Hicky. — A purely field expression employed by bridgemen for almost any contrivance, 
or part of om*, wlii(?h la(;ks a specific name. Analogous to “thingumbob.” 

Hiding Power. — Tlie ca])acity of a paint or painting material to obscure a surface 
beneath it. 

High Bridge. — S<'c “Bridge.” 

High Carbon Steel.— See “Steel.” 

High Steel.— S('c “Steel.” 

High Water.— Se(^ “Water.” 

High Water-mark.— See “Water.” 

Extreme High Water-mark. — See “Water.” 

Highway. — Fornn'rly rt'sirieted to a way or road reserved for the use of ordinary 
vehicles, pedt»striaiis, or animals, but now it is often used to mean a way or mad 
on whi(;h an elee.tric railway also mns. 

Highway Bridge. — S(*(^ “ Bridge.” 

Hinge. — A d(*vice for (!onn(*eting two piece's, so that one may turn about the other. 

Joint Hinge or Strap Hinge. — \ hinge having long leaves joined at their large ends. 
Hinged Arch. — S('e “Arch.” 

Hinged End. — ^^riie end of a nn^mber that is connectc'il to the rest of the stmeture by 
a (h'vici; that permits of a slight rotation. In contradistinction to a fixed end. 
Hinged Joint. — See “Joint.” 

Hinged Lift Bridge.— See “Bridge.” 

Hinged Pin.— See “Pin.” 

Hinged Plate.— Sc'e “Plate.” 

Hinged Post. — Sw “ Post.” 

Hinge-end. — The <'nd of a piece or member that is provided with a hinge. 

Hip . — ^The pla(?e at which the top chord meets the batter-brace or inclined end post. 
Inner Hip. — ^l^he intersection of the inner inclined end post with the top chord in 
the arm of a sw'ing span. 

Outer Hip. — ^The hip at the outer end of one of the arms of a swing span. 

Hip Joint. — See “Joint.” 

Hip- Joint Hood. — \ bent tie plate or strap placc'd over the hip to keep water out of the 
joint. 

Hip Knob.— A finial on the hip of a roof or between the barge boards of a gable. 

Hip Roof. — A roof rising directly from the wall-plate on all four sides, and so having 
DO gable. 
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Hip Vertical.— See "Vertical.” 

Hitch. — One of the many forms of "Knots,” q.v. 

Running Hitch. — \ form of "Running Knot.” See "Knot.” 

Hitcher. — Same as a "Boat Hook.” Sec “Hook.” 

Hitch Plate.-^Sec "Plate.” 

Hoarding. — temporary, close fence of boards placed around work in progrciss, to 
exclude stragglc^rs. 

Hod. — A form of V-sha|HMl box fixed on the end of a pole, or handle, used on construction 
work for carrying bricks and mortar. 

Hodgkinson's Formula. — An early column formula, doviscnl by Eaton llodgkinson, 
based upon Euler’s formula; but modified to conform with (experiments made at 
the time. 

^4 

P = (constant) ^ 

where 

P == the load. 

b = w’idth of column. 

I = length of column. 

Hoe. — A tool for digging, scraping, loosening, or mixing material, consisting of a thin 
blade si‘t transversely to a long handle and at the emd thereof. 

Shank Mortar-mixer Hoe. — A solid shaft hoe with two circular openings in the 
blade. 

Shank Street Hoe. — A hoe having a solid shank with a solid blmle. The common 
hoe. 

Socket Mortar Hoe. — A hoe having a socket-shank and a very heavy solid blade. 

Hog Chain.— See "Chain.” 

Hog Chain Truss.— See "Truss.” 

Hoist. — A machine for lifting weights or loads of various kinds. To elevate; by means 
of block and tackle or by machinery of any kind. 

Air Hoist. — A hoisting device, usually consisting of a cylinder, piston, and piston-rod, 
operat(*d by compres.sed air. 

Assembling Hoist. — A hoist for lifting and assc^rnbling the; component parts of trussc\s, 
spans, etc., in the shop or yard of a bridge plant. 

Builders Hoist. — A hoisting apparatus in which the; boiler, engine, gearing, and drum 
are mounted on the; same bod. 

Cable Hpist. — A hoist in which cabU^s winding about a dnim or drums are used to 
lift the load. 

Chain Hoist. — A hoist in which chains arc used for lifting losuls. 

Electrical Hoist. — A hoist operatcnl by an elcct.ric motor. 

Hydraulic Hoist. — A hoist operated by hydraulic power. 

Lever Hoist. — A form of lifting jack (employing a lever. 

Outrigger Hoist. — A hoist supported by an outrigger. 

Pneumatic Hoist.— Same as " Air Hoist,” q.v. 

Sand Hoist. — An apparatus for lifting sand. 

Steam Hoist. — A hoist operated by steam. 

Hoist Bridge. — Same as "Lift Bridge.” See "Bridge.” 

Hoisting Block.— See " Block.” 

Hoisting Cable Rope. — See "Rope.” 

Hoisting Crab.— See "Crab.” 

Hoisting Engine. — See "Engine.” 

Hoisting Jack.— See "Jack.” 

Hoisting Machine. — Any machine used for hoisting purposes. 

Hoisting Shear or Shears.— See "Shear.” 
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Holder-up. — dolly bar for buckinK up rivets. Called, also, '^Bucker-up,” q,v, 

Holding-on Bar. — See “Bar.” 

Holding-up Hammer. — See “Hammer.” 

Hollow PUe.-8ee “Pile.” 

Homogeneous. — ^Having parts of only one kind. Composed of similar parts or congruous 
elements. 

Homogeneous Steel.— See “Steel.” 

Honey-comb. — X condition of having cells like those of a honey-comb, occurring at 
times in concrete, castings, etc. 

Hook. — ^A piece of metal curvcnl or bent so as to catch or grab something. To take 
hold with a hook. 

Bale Hook. — A large hook suspended from the chain of a crane, us('d in handling 
unwieldy boxes and materials. 

Boat Hook. — X brass or iron hook and a spike fixcnl to a staff or pole, used for pushing 
or pulling a boat or barge. At times called a “Gaff-setter,” “Setting Pole,” “Pole 
Hook,” and a “Hitcher.” 

■ Cant Hook. — k wooden bar or lever with an iron hook hinged at the end, used for 
turning over heavy timbers. 

Chain Hook. — A hook which grips a link of a chain, and serves as a cable stopper. 

Dog Hook. — A strong hook or a wrench used for separating iron boring rods. Also 
a bar of iron with a bent prong used in handling logs or timber. 

Eye-bar Hook. — See “Dog.” 

I-Beam Hook.— Sec “Dog.” 

Girder Hooks. — i^ec “Dog.” 

Grab Hook. — ^A hook formed of four large fish hooks. 

Hand Hook. — A tool for twisting iron or steel bars. 

Lug Hook. — Same as “Lug Bolt.” See “Bolt.” 

Sister Hook. — A pair of hooks on the same axis facing each other and fitting closely 
together when in use. 

Tackle Hook. — ^A hook on a pulley-block opposite the becket. 

Timber Hook. — See “Dog.” 

Hook Block.— See “Block.” 

Hook Bolt.->S(H- “Bolt.” 

Hook Chain.— S(‘e “Chain.” 

Hooke’s Joints. — Scm? “Joint.” 

Hooke’s Law. — 'Fliis law states that the deformation of an elastic body is proportional 
to the force appluxl, or that the intensity of stress is proportional to the* rate; of 
strain. 



where 

dp = the differential intensity of stress. 
dl = the differential of the rate of strain 
E — n constant. 

Hook-eye. — ^"I'he eye or loop of a hook. 

Hoops. — Reinforcing bars, bent into a circular shape like hoops, which surround the 
longitudinal reinforcement of compression members. 

Hopper. — ^A trough, usually shaped like an inverted frustum of a cone or pyramid, 
through which materials pass. 

Hopper Barge. — A boat having a compartment with a movable bottom to receive 
the mud or gravel from a dredging machine and to discharge it by gravity. 

Horizontal Bracing. — See “ Bracing.” 

Horizontal Clearance. — See “Clearance.” 
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Horizontal Component. — Sec ** Component.” 

Horizontal Line. — See “Line.” 

Horizontal Moment. — See “Moment.” 

Horizontal Pump or Horizontal Pumping Machine. — Sec “Pump.” 

Horizontal Section. — Sec “Section.” 

Horizontal Strut. — See “Strut.” 

Horizontal Sway Bracing. — See “Bracing.” 

Horizontal Thrust. — Sw? “Thrust.” 

Horizontal Truss. — See “Tniss.” 

Horn. — The big end or prong of the shoe on a pile. The round tapering end of an 
anvil. 

Horns. — ^The stationary arms on a gag-press. 

Horse. — A wooden bar with legs for supporting a staging. 

Horse Dolly. — Sec “ Dolly.” 

Horse Gin.— Si'o “Gin.” 

Horse Pile Driver. — See “ Pile Driver.” 

Horsepower. — A practical unit of power equal to the raising of five hundred and fifty 
pounds one foot high in one second. 

Actual Horsepower or Brake Horsepower. — ^The actual horsepower of an engine 
as measunnl at the flywheud by a friction-brake or a dynamometer. 

Calculated Horsepower or Commercial Horsepower. — IIorsc^powiT calculatcxl from 
the area of th(' piston. 

Dynamic Horsepower. — Sam(' as “Indicated HorsepowcT,” q,v. 

Effective Horsepower. — Same as “Brake HorsepowiT,” qxK 

Electrical Horsepower. — The power in an elc'ctric cummt, usually measimxl in 
kilowatts and reduced to horsepower by dividing by 746. 

Indicated Horsepower. — The power dcveloi)ed in the cylinder of a steam engine 
as determinc'd from an indicator diagram. It is c^]ual to the* mean effective prcissurc 
in pounds per square inch, multiplied by the area of the piston in square inches, by 
the piston speed in feet per minute, and divided by thirty-three thousand (33,000). 

Nominal Horsepower. — Same as “Commercial Horsepower,” q.v. 

Real or True Horsepower. — Same; as “Indicated Horsepower,” q.v. 

Horseshoe Riveter. — See “ Riveter.” 

Hose. — ^A flexible tube or pipe for conveying a liquid or gas to a point where it is required 
for use. 

Air Hose. — ^A hose for conveying air. 

Canvas Hose. — ^A hose in which the covering is canvas. 

Jet Hose. — ^A strong hose used for jetting purposes. 

Rubber Hose. — A hose in which the covciring is rubber or a com|K)sition of rubber 
and fabric. 

Steam Hose. — A hose conveying steam. 

Suction Hose. — A reinforced rubber hose nmiiing from a y)iimp to the wat(T supply. 

Water Hose. — A hose conveying water. 

Hot-box. — ^A heated journal box of an engine, a vehichi, or any other machinery. 

Hot Chisel.— Sec “Chisel.” 

Hot Cutter. — Sixi “Cutter.” 

Hot-pressed Paper. — Sec “Paper.” 

Hot Saw. — See “Saw.” 

Hot Short. — A condition of brittleness in iron or steel due to the presence of sulphur. 

Hot-short Iron. — See “Iron.” 

Housing. — In carpentry, the space left in one piece for the insertion of the extremity 
of another in order to connect them. The uprights supporting the cross slide of 
a planer. A covering or roofing. A covering for machinery. That part of the 
framing which holds the journal box in place. 
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Housing Iron. — ^An iron tool used for placing a strand of oakum in a crack. 

Housing Joint. — See “Joint.” 

Housing Maul. — See “Maul.” 

Howe Truss. — See “Truss.” 

Hub. — ^Any rough protuberance or projection. A block of wood for stopping carriage 
wheels. The central part of a wheel through which the axle passes, and from 
which the spokes radiate. A surveyor’s stake with a tack in the top to denote 
line and position. 

Reference Hub. — A stake driven flush or nearly so with the ground and used to 
rc^fcrcnce, or to tie, a surveyor’s line or point. 

Triangulation Hub. — A hub used at the comer of a triangulation system. 

Hub Guard.— See “Guard.” 

Hub Plank.— Sec “Plank.” 

Hue. — ^The predominating spectral color in a color mixture. 

Humped-up. — Raised in the centm, s3monymous with the term “camel-back.” 

Hurst. — ^The ring of the helve of a trip-hammer which supports the trunnions. A sand 
bank near a river, also a shallow in a river. 

Hutton’s Formula. — ^An empirical formula for determining wind-pressure on surfaces 
inclined to the direction of the wind. 

n ij / • \ coi a - 1) 

P„ = P (sm a) 

whore = the normal component of wind-pressure, 

P = the pressure per square foot on a plane perpendicular to the direction 
of the wind, 

and, a = angle of inclination of the surface with the direction of the wind. 

' Hydrant. — An apparatus for drawing or discharging water directly from a main or 
pipe. 

Hydrated Lime. — Sec “Lime.” 

Hydration. — The proem of combining or impregnating with water, or the resulting 
condition. 

Hydraulic Activity. — Same as “Activity of Cement.” Sec “Cement.” 

Hydraulic Buffer. — See “Buffer.” 

Hydraulic Cement. — See “Cement.” 

Hydraulic Condenser. — Sw “Condenser.” 

Hydraulic Crane. — See “Crane.” 

HydrauUc Elevator.— See “Elevator.” 

Hydraulic Energy. — See “Energy.” 

Hydraulic Gauge. — Same as “Hydraulic Indicator.” See “Indicator.” 

Hydraulic Hoist.— See “Hoist.” 

Hydraulic Jack. — See “Jack.” 

Hydraulic Index. — ^l^he ratio of the sum of the weight of silica and alumina to the 
weight of lime in any cement or cement material. 

Hydraulic Indicator. — Sec “Indicator.” 

Hydraulic Lime. — See “Lime.” 

Hydraulic Mortar. — See “Mortar.” 

Hydraulic Press.— See “Press.” 

Hydraulic Quickness. — Same as “Hydraulic Activity,” q.v. 

Hydraulic-radius. — ^Thc ratio of the area of a cross-section of a stream to the length 
of the wetted perimeter. 

Hydraulic Ram. — See “ Ram.” 

Hydraulic Riveter. — See “Riveter.” 

Hydraulic Strength. — See “Strength.” 

Hydraulic Valve.— See “Valve.” 
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Hydraulics. — branch of the science of the 'mechanics of fluids which treats of water 
in motion. 

Hydrographic Map. — See “Map.” 

Hygrometer. — An instrument for measuring the amount of moisture in the atmosphere. 
Hygrometric. — Relating to the amount of moisture in the air. 

Hyperbola. — A curve such that the difference between the distance from two fixed 
points, called the foci, to any point on the curve is a constant. 

Hyperbolic Logarithm. — See “Logarithm.” 


I 

I-Beam. — See “Beam.” 

I-Beam Bridge. — See “ Bridge.” 

I-Beam Dogs. — See “ Dogs.” 

I-Beam Girders. — See “Girder.” 

Ice Apron. — See “Apron.” 

Ice-break, or Ice-breaker. — struct urc of masonry or timber (as a pier or a cluster 
of piles) for the protection of bridge piers against moving ice. 

Ice Guard. — See “Guard.” 

Idle Gear.— See “Gc‘ar.” 

Idle Pulley .-'-Same as “I/)ose Pulley.” See “Pulley.” 

Idler, or Idle Wheel.— See “Wheel.” 

Ignition. — Firing; settling on fin*; provision for firing. 

Impact.— The act of striking. The forcible momentary contact of a moving body with 
another either moving or at. r(»st. 

Coefficient of Impact. — In bridge engineering, the ratio of the c'ffect of a dynamically 
applied load to that of the same load applied statically, less unity. In other words, 
it is the factor nearly always less than unity, by which a static lojul (»ffect must 
be multi])li(xl in order to find the increment of tlie dynamic c*lT(*ct of applying the* said 
load in a mann(*r other than statically. 

Impact-Allowance Load. — A perc(»ntage allowance for impact applicnl to the equivalent 
uniform live lojul. See “Coefficient of Impact.” 

Impact Load. — See “Load.” 

Impact-load Stress, or Impact Stress. — Same as “Impact Stress.” See “Strc'ss.” 

Impervious. — Not susc(‘ptible of b(*ing passcnl through, or penetrated. GencTally refers 
to the percolation of water. 

Impost. — ^Thc point whore an arch rests on a wall or column, or the upper part of a pier 
from which an arch springs. 

Impulse. — The effect of a blow or thrust. 

Impulsive Force. — See “Force.” 

Inch-pound. — A unit of energy or work. The work done in raising a pound vertically 
through an inch. A unit of moment (*qual to a force of one; pound acting with a 
lever-arm of oik; inch. 

Inch-Stress.— See “Stress.” 

Inch-Ton.— See “Ton.” 

Incise. — ^To cut into; to engrave. To form by cutting. To carve. 

Inclined End Post. — Same as “Batter Post.” Sc;e “Post.” 

Inclined Plane. — ^A plane which makes an angle lf*ss than ninety degrees with the 
horizontal. 

Inclined Strut. — See “Strut.” 

Incrustation. — ^The act of covering or lining with any foreign substance; also the lining 
itself. 

Indentation Roller. — Sec “Roller.” 

Indented.- — Notched by a small hollow or depression. 

Indented Finish.— See “Finish.” 
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Indeterminate Stress. — See “Stress.” 

Indicated Horsepower. — See “Horsepower.” 

Indicator. — marker. The pointer on a steam gauge or any recording instrument. 
An instrument for measuring the steam pressure, at various positions of the piston, 
in an engine cylinder. 

Deflection Indicator. — Same as “Deflectometer,” q.v. 

Hydraulic Indicator. — A gauge for indicating the pressure of water. 

Indicator Diagram. — Sch) “Diagram.” 

Indirect Stress. — See “Stress.” 

Indirect Wind-load. — Sec “ Load.” 

Indirect Wind-stress. — See “Stress.” 

Induced Stress. — See “Stress.” 

Indurated Fibre. — Sec “Fibre.” 

Inelastic. — Not elastic; rigid; unyielding. 

Inertia. — ^That property of matter by virtue of which it persists in a state of rest or 
of uniform motion in a straight line unless some force changes that state. The state 
or (piality of b(*in" inert. Indisposition to move or to act. Inertness. 

Centre of Inertia. — 'Fhat point in a body which is so situated that the force or com- 
bination of forces requisite for prodtKung motion in the said body, or bringing it 
to rest or changing it,s motion in any way, is c‘quivaleiit to a single force applied 
at the said ywint. 'Fhis point, coincides with th(‘ e,enter of gravity of the body. 

Moment of Inertia. — A function of some projKTty of a body or figun* — such as weight, 
mass, volume, area, k'ngth, or position -equal to the' summation of the products 
of the (»l('rn('ntary i)ortjons of suc?h propi^rty, of said body or figure, by the squares 
of their distances from a giv(»n axis. 

Polar Moment of Inertia.- -Tlu^ moment of iiuTtia about an axis perpendicular to 
the plane of rotation or to the plane of the art'a considennl. 

Inflection. — A eliange of curvature fi’om concavity to convexity, or vice verm. 

Inflection Point. — 'Phe point when^ revc^rsal of curvature occurs. Same as point of 
contraflexure. See “ Contraflexure.” 

Influence IJne. — See “Line.” 

Ingot. — A large mass of metal cast in a mould. 

Bled Ingot. — Ingots from the center of which molten steel has escaped, leaving a 
cavity. 

Ingot Iron. — S(*(* “ li-on.” 

Ingot Mould. — See “Mo\dd.” 

Ingot Steel.— Sec “Steel.” 

Ingredient. — A (;ompon(»nt part or clement of a compound or mixture. 

Initial Set.— See “Set.” 

Initial Stress. — See “Stress.” 

Initial Tension. — See “Tension.” 

Injecting Condenser. — S«'e “(condenser.” 

Injector. — ^An a))paratus for forcing water into a steam boiler by means of an enclosed 
jet or nozzle, through which the steam issues at a high velocity, drawing w’ater 
through a suction pipe and carrying it along to the boil(T in a fin'd pipe, whi'ri', 
because of it« higli velocity and force of impact, it is able to overeoiiii' the back 
pressure and enter the boiler. 

Inlay. — ^That which is inserted or laid in something else. To do such insertion. To 
decorate by insertion. 

Inner Guard-rail. — Sec “Guard-rail.” 

Inner Hip. — See “Hip.” 

Inner Lock Tender. — Same as ^‘Inside Lock Tender.” See “Tender.” 

Inside Calipers. — Sec “Calipers.” 

Inside Lock-tender.— See “Tender.” 
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Inspection. — Critical examination. Close or careful survey of work, materials, etc. 

Inspection Bureau. — ^An organization or firm composed of a number of inspectors who 
have determined upon the best and most economic method of inspection and 
who make a business of doing inspection work on a large scale. 

Inspector. — One whose duty is to secure by careful supervision the proper performance 
of work of any kind, and the proper kind of materials going into the work, all 
according to the plans and specifications. 

Instrument Line. — See ^^Linc.” 

Instrument-man. — In engineering work, the person who runs a level or a transit. 

Insulation. — That state in which the transfer of electricity or heat from a certain body 
to other bodies is prevented by the interposition of a non-conductor. The non- 
conductor itself. 

Insulator. — device, fixture, or mat(Tial which insulates one body from another. 

Intake. — The construction work at the head of a pipe or cansd for regulating the 
admission of water to said pipe or canal. 

Intensity of Stress. — See “Stress.*' 

Interlaced. — Interwoven ; intercrossed . 

Interlocking. — ^Thc action of linking into each other, or the joining fast tog('ther by 
mutual or reciprocal action. 

Interlocking Device. — Any mechanism for interlocking. 

Interlocking System. — A system of railroad switches and signals which by a locking 
mechanism insures the setting of a signal on the movement of a switch, and pre- 
vents the movement of more than one switch at a time. 

Intermediate Bent. — Any bent between the end bents. 

Intermediate Deck. — See “Deck.” 

Intermediate Girder. — Any girder between the two outside girders. 

Intermediate Post. — Sec? “Post.” 

Intermediate Sill. — Sch; “Sill.” 

Intermediate Span. — Sec “Span.” 

Intermediate Stiffener. — See “StifTeners.” 

Intermediate Strut. — See “Strut.” 

Intermediate Truss. — See “Truss.” 

Internal Combustion Engines. — Sec “Engine.” 

Internal Force. — Same as “Stress,” q,v. 

Internal Stress. — See “Stress.” 

Intersection. — ^A place of crossing; cancellation. A point common to two lines or a 
line and a surface. 

Double Intersection. — Same as “Double Cancellation.” Sec “Cancellation.” 

Multiple Intersection. — Same as “Multiple Cancellation.” See “Cancellation.” 

Single Intersection. — Same as “Single Cancellation”' See “Cancellation.” 

Tri^e Intersection. — Same as “Triple Cancellation.” See “Cancellation.” 

In the Clear. — Out of the way of moving objc'cts. 

Intrados. — ^The concave curve of an arch. The lower surface of the voussoirs (when 
in position) of a masonry arch. 

Seml-intrados. — ^That portion of the inner arch curve between the crown of an 
arch and its springing line. 

Invert. — ^To turn upside down; to turn end for end. The bottom or inverted arch of 
a sewer or tunnel. 

Inverted Arch.— See “Arch.” 

Inverted Catenary. — See “Catenary.” 

Inverted Catenary Curve. — See “Curve.” 

Invoice. — A bill from the seller for goods shipped to the buyer, with information con- 
cerning the size, character, weight, etc., of the shipment, given in more or less 
detail. This bill may or may not have the prices of the goods shown on it. 
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Invoice. 

Shipping Invoice. — ^An invoice of goods shipped. 

Invoiute. — ^A curve described by the end of a string as it unwinds from a cylinder while 
remaining taut. 

Involute Tooth. — See “Tooth.” 

Iron. — A common but important and abundant metal having a specific gravity of about 
eight. The pure metal has a white, lustrous appeai'ance,does not harden appreciably 
on quenching, and is strongly attracted by a magnet, although it cannot be made 
magnetic except when containing carbon, or while an electric current is passed 
around it. The term is often applied to a tool or utensil made of iron. Also applied 
to various structural shapes. 

Angle Iron. — See “Angle.” 

Ball Iron. — ^An iron ore containing clay. 

Bar Iron. — Iron made up in the shape of bars. 

Blue-short Iron. — ^Wrought iron that has been injiued and rendered brittle by being 
worked at a blue heat. 

Bog Iron. — ^An iron extracted from ore occurring in marshy ground. 

Boom Iron. — S chj “Boom.” 

Calking Iron. — Sett “Calking.” 

Cast Iron. — Iron os it conies from the smelter containing usually from two and a half 
to four per cent of carbon. 

Channel Iron. — Same os “RoUchI Channel.” See “ Channel.” 

Charcoal Iron. — Iron made in a furnace where charcoal is used as a fuel. 

Chilled Iron. — Iron that is surface-hardened by sudden cooling at the time of 
casting. 

Clamp Iron. — Same as “Clamp,” q,v. 

Cold-short Iron. — Iron that is weak and brittle when cold, due to the presence of 
phosphonis. 

Common Iron. — The poorest quality of commercial iron. 

Corrugated Iron. — Sheet iron formed with ridges by passing it between fluted rollers. 

Crystalline Iron. — ^An iron which when broken shows a crystalline fracture. 

Derrick Irons. — Sc*e “Derrick.” 

Dog Iron. — See “Dog.” 

Double Refined Iron. — Iron made by a process of cutting up bars of refined iron, 
placing the piece's in piles, then reheating and rerolling into shape. 

Fibrous Iron. — An iron having a fibrous texture. 

Forge Iron. — An inferior grade of iron used for puddling. 

Forming Iron. — S(*e “Forming.” 

Foundry Iron. — ^An iron used in foundry work. 

Galvanized Iron. — Iron coated with zinc. 

Girder Iron. — An old term for a structural shape in the form of a girder or I-bcam. 

Glazed Iron. — ^An iron containing a large amount of silicon. 

Grab Iron. — Same as “Grab,” q,v, • 

Grappling Iron. — See “Grappling Iron.” 

Gray Iron. — ^A pig iron in which the carbon takes the form of graphite, giving the 
fracture a dark color. 

Hot-short Iron. — Iron that is brittle above a temperature denoted by a medium 
orange color — due to sulphur. 

Housing Iron. — See “Housing Iron.” 

Ingot Iron. — Soft steel cast in ingots, sometimes with about three per cent of copper 
added. 

Junk Iron. — Same as “Scrap Iron,” g.v. 

Knee Iron. — See “Knee Iron.” 

Making Iron.~Scc “Making Iron.” 
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Iron. 

Malleable Iron, or Malleable Cast Iron. — Cast iron that has bot^n ronderod toiifth and 
inalk^able by long-oontinuod high heating, while embedded in hi^matite, ferric- 
oxide, etc., and th(‘n allowed to cool slowly. , 

Meteoric Iron. — Iron obtaimnl from iiietcoriti's, generally containing about Um jicr 
cent of copper. 

Mirror Iron. — white, cast metal containing manganeses — largely usetl in the manu- 
facture of ste'el. Also called spiegel, spie^gel iron, and spiegeh'isen. 

Mottled Iron. — An iron in which part of the carbon appe^ars ils graphite, giving rise 
to alternate white and gray spots. 

Muck Iron. — ^The lowest grade of wTought iron. Iron rc'ady for the rollers or 
sepu'ozers. 

Norway Iron. — A veiy pure wrought iron manufacturiMl in Norway, used in making 
hooks for blocks, etc. 

Pig Iron. — A tenn applied to cast iron when first run from the blast furnace into 
moulds, giving small-size bars (convenient for handling. 

Reaming Iron. — See Reaming-iron.” 

Red-short Iron. — Iron containing sulphur, copper, or arsenic, which will cause it to 
crack when bc'iit at a reed heat, but ptTinilting of considerable t('nacity when cold. 

Refined Iron. — An iron mad(c from muck bars cut up, mix(‘d with scrap iron, n^heatcKl, 
and rolled. 

Rolled Iron. — An in^n that has passed through tine rolls. 

Sampling Iron. — »Seo Sampling Iron.” 

Scrap Iron. — Old iron no longer suitable for its original purpose. Waste iron, junk 
iron. 

Screed-iron or Scrid-iron. — See 'SScreed-iron.” 

Sheet Iron. — Iron which has been rollcKl thin into sheets. 

Soldering-iron. — Sec ‘^SoldcTing-iron.” 

Swedish Iron. — ^A ver>' pure wrought iron inanufactunHl in Sweden. V('r>’^ expensive. 

T or Tee Iron. — Iron rolled into the shai)e of a bar having a cross section resembling 
the letter T. 

Toggle Iron. — A connc'cting detail for a toggle. 

Weak Iron. — White, brittle jjig-iron. 

Weld Iron. — A tenn suggestc'd for wrought iron, but seldom us(*d. 

Wire Iron. — A ductile iron from which wun^s are manufactured. 

Wrought Iron. — In its perfcnct condition, wrought iron is simply pure iron, but, owing 
to impuritic's (to a C(‘rtain d(‘gree) being pncs(‘nt, it only approximat(\s to that 
condition. 

Z-Bar Iron. — Iron rolled in th<i shape of a bar having a cross section n^sc^mbling the 
letter Z, but with the web at right angk^s to the planes of the flanges. 

Iron-bound. — Bound together by bands of iron. 

Iron-founder. — One who makes iron castings. 

Iron Foundry. — iS(m? “Foundry.” * 

Iron Furnace. — See “Furnace.” 

Iron-gray. — ^A gray hue. 

Iron-master. — ^A manufacturer of iron. 

Iron-oxide. — An intimate combination of oxygen and iron, such as rust. Also see 
“Ochre.” 

Iron-red. — ^A red of somewhat orange tint as produced by iron rust. 

Iron Rust. — See “Rust.” 

Iron Sand.— Sec “Sand.” 

Iron Saw. — See “Saw.” 

Iron Scab.— Sec “Scab.” 

Iron Scale. — Sec “Scale.” 
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Iron-smith. — worker in iron. 

Iron-stain.'— A stain made by iron rust on some object. 

Iron Stone. — See “Stone.” 

Ironwork.-^ “Work.” ' 

Iron-worker. — A bridgeman or man who helps erect iron or steel. 

Iron-works. — ^The plant or place where iron structures arc fabricated and assembled. 

Irregular Course. — See “Course.” 

Irregular Fracture. — See “ Fracture.” 

Isodomon. — One of the varieties of masonry in Greek architecture in which the blocks 
forming t.he courses wen^ of equal thickness and of equal length, and so disposed 
that the vertical joints of th(i upper coursci came over the middle of the blocks 
in the course immediately below, all blocks being joined by horizontal dowels. 

Isometric Projection. — See “Projection.” 

Isosceles. — Having two legs or sides equal, as in a triangle. 

Isotropic. — ^Having the same physical properties in every direction. 

J 

Jack. — A lifting apparatus. A mechanical device, appliance, or part of a ma(;hino. 
To pry up or lift with a jack. 

Ball-bearing Jack. — A jack having ball bearings to take up the thrust from the* load 
and nnluce the friction of operation. 

Beveled-gear Jack. — A jack operatwl by power applied through bevel gears. 

Camber Jack. — Any special jack used for putting the initial camber in a truss in 
plaice of w'ood(»n wedges. 

Differential Jack. — Any jack worked by differential gc^ars. 

Differential Screw-jack. — A scr(?w-jjvck having a differential screw. 

Hoisting Jack. —A lifting device in which a screw-jack is employed. 

Hydraulic Jack. — A device for lifting heavy weights or exerting great force by means 
of liquid ]iressure from a hand-pump connect(*d wdth a large-bore cylinder and 
a piston working therein. 

Lazy Jack. -A mechanism consisting of com|K>und levers pivoted together. 

Lever Jack. -A jack work(»d by a lever. 

Lifting Jack. — A screw jack worked by a worm wheel to which a handle is attached. 

Rack-and-pinion Jack. — A jack using a rack and pinion to attain its lifting 
motion. 

Rail Jack. — 8ame as “Track Jack,” q.v. 

Railroad Jack. — Same as “Truck Jtick,” q.v. 

Ratchet Jack. — Any jack worked with a ratchet. 

Screw Jack. — A larger screw working in a nut set in a strong frame or forming a part 
thereof, which in turn serves as a base? to carry the load. 

Steamboat Jack. — A ratchet jack similar to and operating on the same principle 
as a steamboat ratchet, but with bearing shoes at the ends of the screws so that 
a pressure may be exerted bet ween two objects or parts of a structure. 

Timber Jack. — An apparatus for lifting timber. 

Track Jack. — ^A liwer jack having a tongue near the bottom of the stem and on the 
side opposite the lever. This tongue can readily be insertiHi undcT a rail or tie 
and a portion of the track raised by pumping the lever. 

Truck Jack. — A lifting jack hung from a tnick. 

Whiskey Jack. — A hydraulic jack in which spirits are useil instc'od of water. 

Windiass Jack. — A jack having on the nut which surrounds its screw a crown wheel 
operated by a pinion and a crank. 

Jack Arch. — See “Arch.” 

Jack-bores. — ^The bores of a jack either on the inside or the outside. 
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Jack Clialn.-^See “Chain.” 

Jack Engine. — See “Engine.” 

Jacket. — covering placed around an object to prevent the escape of heat by radiation. 

Steam Jacket. — The jacket placed around a steatn pipe or a cylinder of an engine. 
Jack-head Pump. — See “Pump.” 

Jack-knife Bridge.— See “Bridge.” 

Jack Plane.-Sce “Plane.” 

Jack Rafter, or Jack Rib. — See “Rafter.” 

Jack-roil.— A windlass. 

Jack Screw. — Same as “Screw Jack.” See “Jack.” 

Jack Shaft. -Set^ “Shaft.” 

Jack Stringer. — See “Stringer.” 

Jack Timber. — ^A timber in a bay, which, on account of being intercepted by some other 
piece, is shorter than the rest. 

Jag Bolt, or Jag Spike. — Same as “Rag Bolt.” See “Bolt.” 

Jambs. — ^The sides of an opening through a wall. 

Jam Nuts. — Same as “Check Nuts.” See “Nuts.” 

Jaw. — ^Any part of a constniction, which, from its position, shape or use, bears a 
resemblance to the jaw of an animal. 

Jaw Clutch. — See “Clutch.” 

Jaw Coupling. — Same as “Claw Coupling.” See “Coupling.” 

Jaw Plate.— See “Plate.” 

Jemmy. — A short crowbar. Also called “Jimmy.” 

Jet. — A siK)uting or spurting, as of water or flame, from a small orifice. 

Aeration Jet.— A jet of water through which air travels. 

Pump Jet. — Same as “Jet Pump.” See “Pump.” 

Rose Jet. — A jet of water issuing through a nozzle having one central opening at the 
end and five openings around the sidc^s with their axes inclined about forty-five 
degrees to that of the axis of the nozzle. 

Steam Jet. — ^A flow of steam from an orifice. 

Water Jet. — flow of water, at high velocity, from an orifice or nozzle. 

Jet Chain. — See “Chain.” 

Jet Condenser. — See “Condenser.” 

Jet Hose.— See “Hose.” 

Jet Nozzle. — See “Nozzle.” 

Jet Pipe.— See “Pipe.” 

Jet Pump. — See “^mp.” 

Jetted PUe.— See “Pile.” 

Jetting. — Putting down by means of a jet. 

Jetty. — ^A structure of wood, stone, or mattress extending into a body of water and 
serving for a wharf or pier, or as a mole, rampart, or wall. Also uschI to restrain, 
charge, or direct a current, and to protect a harbor, shon;, channel or the like. 
Jetty Head.— See “Head.” 

Jib. — ^The upper projecting member or arm of a crane supported by a stay. 

Jib Crane.— See “Crane.” 

Jig. — ^Any tool or fixture used to guide cutting tools. 

Jigger. — ^A small, light, or light-running mechanical contrivance, causing when in use 
a rapid, jerky motion. Any subordinate mechanieal contrivance to which no more 
definite name is attached. A warehouse crane. 

Jigger Pump. — See “Pump.” 

Jig Saw.— Sec “Saw.” 

Jim-crow. — An implement for bending or straightening rails. 

Jimmy. — Same as “Jemmy,” q.v. 

Jimmy-wink. — Any short, light, stationary derrick used for raising small loads. 
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Job. — particular piece of work. Any undertaking. 

Job Work.— Sec “Work.” 

Jockey Pulley.— See “Pulley.” 

Jockey Wherf. — See “Wheel.” 

Joggle. — A stub tenon on the end of a post or piece of timber, which prevents it from 
moving laterally. 

Joggle Beam. — Schj “Beam.” 

Joggle-piece. — ^Tho upright member in the middle of a truss; a king post. 

Joggle Post. — See “Post.” 

Joggle Truss. — See “Truss.” 

Joggle Wheel.-^ec “Wheel.” 

Joggle Work. — Sec “Work.” 

Joint. — The place or part in which two things or portions of one thing are joined or 
uniti^l. The mechanism, method, or means by which such junction is effected. 

Abutting Joint. — A srpiare joint confined to a single plane; where the parts meet. 
In contra-distinction to a lap-joint where the splice is shingliHl. 

Angle Joint. — A joint in which two pierces meet at an angle. 

Ball-and-socket Joint, or Ball Joint. — A joint having a spherical surface, or a ball 
working in a soek(‘t. 

Bead Joint. — Mortar in a masonry joint, forming a bejul. 

Bed Joint. — A horizontal joint or one perpendicular to the line of pressure on the 
masonry. 

Beveled Joint. — An angle joint in which the contact surfaces make; equal angles, 
oth(‘r than a right angle, with the axes of the parts joined. 

Bird*s-mouth Joint. - ' A joint, in timber where an inclined member is dapped over a 
horizontal iiM'inber. 

Breaking Joint. — A joint formed by the ends of several component pieces in one 
line, no two lines being cut at. th(; same place. 

Break Joint. — ^To ovcTlap pieces so that the; joints will not occur near together, avoid- 
ing thereby exet\ssiv(» wc'akening of the member. 

Butt Joint. — ^A joint in whicli the ends of the pierces are square and press against 
each other. 

Chamfered Joint. — Same as “ Mitre Joint,” q,i\ 

Compression Joint.- -A joint where compn^ssion members mec^t. A splice in a com- 
pression member. 

Coursing Joint. -A joint. bet.w(*eii two voussiors in masonry. 

Cramp Joint. — joint between plate's of metal in which the edges are thinned by 
hanmuTing. 

Cup-and-ball Joint. — Same iis “Ball-and-socket Joint,” q.v. 

Dapped Joint. — A joint msuh' be'tweem two pieces by cutting away corrc'sponding 
portions of enudi so that they fit together with surfaces flush with c'sich other. 

Double-step Joint. — \ dappl'd joint in which the projecting timber has two 
steps. 

Dowel Joint. — K joint that is strengthened by a pin or a dowel. 

Elbow Joint. — X joint where two pii'ia's of pipe meet at an angle. A form of pipe- 
fitting for joining t wo such pipes. 

Expansion Joint. — \ joint in which movement for expansion and contraction is 
allowed. 

Faced Joint. — K joint in which the sidjaccnt faces have been planed. Also a voussoir 
joint that show's on t.hc' fjicc of an arch. 

Fan-tail Joint. — Same as “ Dove-tail Joint,” q,t\ 

Fast Joint. — Any joint held fast by means of the addition of one or more bolts. 

Female Joint. — ^Thc socket of a spigot and faucet joint. 

Fish Joint. — X joint between two rails connected by fishplates bolted thereto. 
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Flange Joint. — A joint botwcon two pieces or members terminating in flat disks or 
flanges which arc usually hold together by bolts. Used for shafting and pipes. 

Flexible Joint. — joint permitting motion between the parts. 

Flush Joint. — A masonry joint filled with mortar and pointed. Also a butt joint 
not projecting b(*yond the general level. 

Groove Joint. — A joint in a board with a groove in the edge for receiving the tongue. 

Ground Joint. — ^A joint between metallic pieces where the contact surfaces have been 
ground. 

lUf-and-half Joint, or Halving Joint. — A joint having botli parts dapped or gained 
in equally on their faces. 

Heading Joint. — A joint between two planks at right angles to their fibres, or between 
two voussoirs in the same course. 

Hick Joint. — A flush joint in masonry. 

Hinged Joint. — A joint in which the parts are connected by a pin, or a similar device, 
pc'rmitting a rotating motion to occur. 

Hip-joint . — ^The junction of the top chord and the batter post. 

Hooke’s Joint. — contrivance by which a motion of rotation is communicated from 
one shaft to another not lying in the same plane. 

Housing Joint. — In can^entry, a joint formed bcitwecn two pieces by removing a 
portion of one piece to allow the insertion of a part of thii other piece. 

Jump Joint. — Same jis “Butt Joint,” (j-v. 

Knuckle Joint. — ^A flexible joint formed by tvro abutting links. 

Lap Joint. — A joint in which the pieces extend over each other. 

Lead Joint. — A joint in a pipe, filled with melted lead. 

Lock Joint. — A joint made by the locking tog(»ther of two halves of a concrete pipe 
around a pile by inserting wooden keys, soaked with hot tar, in the scarf joints. 

Loose Joints. — A joint in which the parts are loosely held together. 

Masonry Joint. — A joint between masonry stonc^s that is filled with mortar. 

Match Joint. — Same as “Tonguo-and-groove Joint,” q.v. 

Miter Joint. — A special case of a beveled joint in which the contact surfaces make 
angles of forty-five d(*grees with the axes of their respc»ctiv(* parts. 

Mortised Joint. — ^^Fhe joint formed betw'etm two pieces when one has a hole mortiscnl 
in it to receive the tenon of the other pirn?. 

Open Joint. — joint in which the parts are slightly si^parated. 

Overlapping Joint. — »Same as '^Lap Joint,” q.v. 

Pillow Joint. — Same as “Ball-and-sockcjt Joint, q.v. 

Pin Joint. — ^Any joint in which the; parts ait^ held togf‘th(*r by a pin. 

Pipe Joint. — ^The joint between two pieces of pipe. 

Planed Joint. — A joint in which the contact surfaces have been planed or the exterior 
surfaces finished in a machine. 

Putty Joint. — ^A pipe joint made tight with putty. 

Rabbet Joint. — Same as “Half-and-half Joint,” q.v. 

Rail Joint. — ^The joint between railway rails. 

Ring Joint. — A circular flange joint. 

Riveted Joint. — ^A joint in which the parts are held together by rivets or splice plates 
and rivets. 

Rule Joint. — A pivoted joint similar to a hinged joint, q.v. 

Rust Joint. — ^A joint between pieces of metal made by a rusting process. Not pc'r- 
missibh; in good bridge engineering practice. 

Saddle Joint. — A sheet metal joint in which one edge overlaps and straddles the 
upturned edge of the next. 

Scarf Joint. — A joint between two pieces made by scarfing or beveling their ends 
so that when the parts are placed together they form one continuous member. 
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Joint. 

Screw Joint — joint in which one piece screws into another or in which both screw 
into a common sleeve or coupling like the ordinary pipe joint. 

Shackle Joint — ^A joint formed by a clevis or a shackle with a bolt. 

Shove Joint — ^A joint in brick-work obtained by shoving the brick on its mortar-bed 
so as to pile up mortar at its end and thereby fill the vertical joint. 

Sleeve Joint — ^An expansion joint in conduits, pipe lines, etc., in which the parts 
fit into a common sleeve. 

Slip Joint — Same as an Expansion Joint.” 

Soider Joint — joint made by soldering two pieces together. 

Splice Joint. — A joint formed by using scabs or splice bars or plates to make the 
connection b(itwe(»n the two parts. 

Square Joint. — ^A timber joint in which the ends are brought squarely together. 
Strap Joint. — Same as “Strap Hinge,” q,v. 

Stump Joint — A joint having a stump to prevent folding except in one direction, 
as in a folding rule. 

Surface Joint. — A connection between metal platens by joining llie edges with 
flangc^s or laps riveted or soldered to the parts. 

Swivel Joint. — A joint utilizing a swivel to {)ermit twisting of the parts with respect 
to each other. 

Sypher Joint. — Same as a “Chamfered Joint,” q.v. 

Tension Joint. — ^A splice in tension. 

Thimble Joint. — An expansion slecsve-joint in a pipe line. 

Toggle Joint. — A union of two parts by means of a toggle. 

Tonguc-and-groove Joint, or Tongue Joint. — A joint msule by one part having a 
projecting tongue fitting into a corresponding groove in the other part. 

Truss Joint. — Any joint in a truss. 

Tuck Joint. — A joint in masonry presenting the appearance of tucks. 

Twist Joint. — An ordinary wire s})lice made by twisting. 

Union Joint. — A pii>c coupling. Also called a “ Pipe Union.” See “ Union.” 
Universal Joint. — An arrangement by which one part may be madi^ to move freely 
in all directions while rotating with another part*. 

Water Joint. — ^A joint betw’ecm parts precluding the passage of water. 

Weather Joint. — A masonry joint w’here the mortar forms an oiitw'anl slopinir surface 
from the bottom of the iipix'r course to the top of th(? lower course. 

Welded Joint. — ^The union of metallic pieces by welding. 

Wire Joint. — A joint between two wires made by twisting their ends together. 

Joint Bolt.— Sch; “Bolt.” 

Joint Coupling. — See “Coupling.” 

Joint-end. — ^The iron end-piece about which another part moves as on a pivot. 

Jointer. — A tool for filling the cracks Ix^twoen courses of stone in masoniy. A long 
planer to straighten the edges of boards. A tool for heading a joint. 

Joint File.— See “File.” 

Joint Hinge.— Sec “Hinge.” 

Joint of Rupture. — Sec “Rupture.” 

Joint Pipe. — See “l*ipc.” 

Joint Splice. — Sec “Splice.” 

Joist. — To fit or furnish with joists. One of the horizontal pieces usually laid in equi- 
distant rows to which flooring is nailed. 

Binding Joists. — Joists used as girders to sustain common joists. 

Bridging Joists. — Common joists. 

Steel Joists. — ^Joists made of steel. 

Timber Joists. — ^Joists made of timber. 

lYack Joists. — K joist or a stringer which is placed under a track. 
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Journal. — ^That part of a shaft or axle which rests on the bearings. 

Neck Journal. — A journal having a smaller diameter than tliat of the main part 
of the shaft. 

Journal Bearing. — S('c ‘‘ Bearing.” 

Journal Box. -See “Box.” 

Journal Brass. — See “Brass.” 

Journal Friction. — S(»t^ “ Friction.” 

Journal Packing. — Sc^c “ Packing.” 

Jumbo. —A term descriptive of anytliing which is unusually largo. The cooler for the 
cinder notch of a bhist furnac<5. 

Jump. — ^An abrupt rise in a level course of masonry. 

Jumper. — A dolly; a monkey. A spark from a liulle of molten east iron. 

Jumper Drill.— See “Drill.” 

Jumping. — Upsetting a bar, etc., or increasing the cross section of same by striking 
it on end. 

Jump Joint. — See “Joint.” 

Jump-up. — Stxj “Jumping.” 

Jump Weld.— See “Weld.” 

Junction Shaft. — See “Shaft.” 

Junk. — Worn out and discard(Ml material, machinery, structures, etc., that, in general, 
may be tiinuMl to some use; such as old iron or stiM^l whicli may be nanelted and 
again sold. Same as “Scrap,” q.v. 

Junk-dealer. — One* wlio buys junk. 

Junk Iron. — Same jis “Scrap Iron.” Sec “Iron.” 

Jut. — ^To project out. To shove or butt. A pn)jection. 

Jute. — The fibre of a plant grown in India, used for gunny sacks and packing. 

Jute Packing. — See “Packing.” 

Jutty. — A pier, mole, or jetty. 
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Kahn Bars. — See “Bar.” 

Keckle. — To cover or guanl by winding with something. 

Hedge. — A small anchor with an iron stock. To move? by thc» aid of an anchor. 

Keel. — ^^rhe principal timber in a boat, vi'ssel, etc., extending fnim the* bow to thc^ stcTn 
along the bottom and suf)f)orting the wholes frame*. 

Keepers. — The piec(*s of metal or wood which keep a sliding bolt in it,s pUuKj and guide 
its motion. 

Keg. — ^A cask-shaped vessel of indefinite size, but in capacity l(*ss than a half barrel, 
usually from five? to ten gallons. 

Kellogg Truss. — See “Truss.” 

Kerf. — Thfi space, opening, or narrow slit made in sawing. 

Kettle. — A v<‘ssel of iron, copper, or oIIkt metal, of convenient shape* and size, used 
for heating tar, asphalt, etc. 

Key. — ^Anything that operates a locking mechanism, or that pnwents the movement 
.of parts on each oth(*r; such as the ccmtral stone of an arch or vault. A pi(;cc 
inserted in a longitudinal slot in a shaft to proven t a pulley or g(;ar from slipping; 
a piece insertirid in the back of a board to keep it from war{)iTig; a hand tool for 
controlling a valve, moving a nut, etc. 

Adjusting Key. — ^A wrench in which the jaws are made luljustablc. 

Cotter Key. — Same as “Cotter,” q.v. 

Key Bed.— See “Bed.” 

Key Bolt. — Same as “Cotter Pin.” See “Pin.” 

Key Pile.— See “Pile.” 

Keystone.— See “Stone.” 
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Keystone Column. — See ''Column.’* 

Key-way. — slot cut in a shaft or hub of a gear or pulley to receive the key. 

Key Wrench. — See '‘Wrench.” 

Kibble. — ^The bucket used for raising earth, stone, etc., from shafts or mines. 

Kill. — ^^ro hold molten stool in a laddie, furnace, or crucible until the ebullition of gas 
cciases and the metal becomes quiet. 

Killing. — ^The act of holding steel to kill it. See "Kill.” 

Kiln. — A shaft furnace for roasting ore, limestone, etc., whercj a V(‘ry high temperature 
is n^quirwl. 

Cement Kiln. — ^A rotating furnace having a slight slope, receiving the pulverized, 
raw material at its ui)per (;nd and gradually working it toward the lower end 
wh(Tc^ the fire is lo«!ated. 

Lime Kiln. — A furnace in which limestone is calcinated. 

Lumber Kiln.- -An enclosed ehambcT artificially warnud, in which sawn lumber is 
placed to bc^ heat(d so iis to frcH^ it fnwn moisture and prevent warping. 

Kiln-drying. — An artificial m(‘thod of sc^asoning timber, in which it is put into a kiln 
and f'xposcd to a current of hot air. 

Kilowatt. — An ele(!trical unit of jiowor equal to one thousand watts, or 1.3405 horse-power. 

Kilowatt-hour. — The; customary unit of electric energy, used in the sale of electricity, 
c*qual to on<‘ thousand watt-hours. 

Kinematics. — ^^fhat braneli of lh(? scicmcc of mechanics which treats of the motion of 
bodies without r(‘f(*renee to the cause* or force producing it. 

Kinetic. — Pertaining to or prrducing motion. 

Kinetic Energy. --S(*e "En(*rgy.” 

Kinetics. — ^^fhat branch of thi* sci(*ncc of mechanics which treats of forc(*s causing 
motion or changing motion in bodies. 

King Post. — S(»e "Post.” 

King-post Truss, or King Truss. — Sen* "Truss.*’ 

King Rod.— See" 11 (h1.** 

Kink. — ^A knot-like contraction. A twist or a sharp sudden bend in a piece. To twist 
or contract into knots. 

Kip. — A sharp-1 )oint.ed bill; a jutting point . A stress unit equal to one thousand pounds. 

Kish. — Thc^ graphites forc(d out from molten pig iron during its solidification. 

Kit. — A kind of cement; lute and putty. A box, chest, or canvas bag for holding tools. 
To pack in a kit. 

Riveting Kit. —A kit of tools for driving field rivets. 

Kneaded Rubber.— S(*e "Rubber.** 

Knee, or Knee Brace. — A short diagonal brace, us(d to connect a batter brace or a 
vertical post, in a span to an over-head strut. 

Knee-braced Trestle. — See. '"’lYestle.** 

Knee-iron. -An L-shaped angle-iron used to strengthen a joint formed by two timbers 
in a frame. 

Kneeier.— A pjul used on the kni'e by bridgemen, carpenters, etc., for protecting the 
knee while at work. 

Knee-movement. — The movement in a joint like that of a knee. 

Knife-edge. — A sharp edge? similar to that of a knife bl.*vde. However, it is often applied 
to rath(»r blunt edges. 

Knocking-bucker. — A tool nuule from a strong, flat bar of iron, uscxl for breaking or 
bucking ore? or stone. 

Knock Stone. — Sec "Stone*.** 

Knot. — ^I’he hard mtiss of wood formed in the tnink of a tree at a branch, with the grain 
distinct and separate from the grain of the trunk. A knob in an arch. An inter- 
twining of the parts of one or more ropes, cords, or strips for the purpose of fastening 
them together. The act of tying a knot. 
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Knot. 

Becket Bend Knot. — Same as *^Shoet Bend Knot,” q,v. 

Blackwall Hitch Knot.— ^oo ”Ketchum’s Hand Book,” pages 444 and 445. 

Boat Knot.— ScH! *‘Ket chum’s Hand Book,” pages 444 and 445. 

Bowline Knot. — See ‘‘Ketchum’s Hand Book,” pages 444 and 445. 

Builders* Knot. — Same as a “Clove Hitch,” q.v. 

Garrick Bend Knot. — See “Kel chum’s Hand Book,” pages 444 and 445. 

Cat’s Paw Knot. — A knot usexi on the hook of a pulley-block with a toggle. 

Chain Knot. -See “Ketchum’s Hand Book,” pages 444 and 445. 

Clove Hitch. — S(m? “ K(»tchuin’s Hand Book,” pages 444 and 445. 

Double Knot. — S(M' “Ketchum’s Hand Book,” pages 444 and 445. 

Double Flemish Loop Knot. — Same jis “Carrick Bend Knot,” q.i\ 

Encased Knot. — A timber knot, which is surrounded wholly or in part by bark or pitch. 
Figure Eight Knot. — See “Ketchum’s Hand Book,” pages 444 and 445. 

Fisherman’s Bend Knot.— Se(' “ Ketchum’s Hand Book,” pages 444 and 445. 

Flemish Knot. — S(‘e “K('tehum’s Hand Book, pagers 444 and 445. 

German Knot. — Same as a “Figui*e Eight Knot,” q.v. 

Half-hitch Knot. — See “Ketchum’s Hand Book,” pages 444 and 445. 

Large Knot. — A sound knot in timber more than one and a half inehc's in diameter. 
Loose Knot.— A knot in timbcT, not finniy held in place* by growth or position. 
Overhang Knot. — Same as “Simple Knot,” q.i\ 

Pin Knot. — .V sound knot in timber not over onc'-half inch in diameter. 

Pith Knot. — A sound knot in timber with a pith hole not more than one-ejuarter 
inch in diameter. 

Reef Knot. — Same as a “Square Knot,” q.v. 

Rolling Hitch Knot. — See “ Ketchum’s Hand Book,” pages 444 and 445. 

Rotten Knot. — A knot in timber softcT thatn the* surrounding woorl. 

Round Knot. — A knot in timber which is oval or circular in form. 

Round Turn and a Half Hitch. — Sen* “Kc'tehum’s Ibind Book,” paigi^ 444 and 445. 
Running Knot. — Any knot nuide in such a way as to form a noose which tightens ais 
the rope is being pulk*d. 

Sheep Shank Knot. — A form of knot made in a rope to shorten it temporarily. 

Sheet Bend. — See “K(*tchum’s Hand Book,” page's 444 and 445. 

Sheet Bend Knot with a Toggle. — See “Ketchum’s Hand Book,” pages 444 tind 445. 
Simple Knot. — See “Ketchum’s Hand Bcnik,” p!igf*s 444 and 445. 

Slip Knot. — SeM? “ Kc'tedium’s Hand Book,” pages 444 and 445. 

Sound Knot. — A knot in timber, vrhich is solid across its face and as hanl as the 
vrood surrounding it. 

Spike Knot. — A knot in timber which knot is sawn in a lengthwise direction. 

Square Knot. — See “Ketchum’s Hand Book,” page^ 444 and 445. 

Standard Knot. — A sound knot in timber not over one and a half inchc’s in diameter. 
Stevedores’ Knot. — Se(? “Ketchum’s Hand Book,” pages 444 and 445. 

Timber Hitch and Half Hitch Knot. — See “Ketchum’s Hand Book,” pfiges 444 and 
445. 

Timber Hitch Knot. — See “Ketchum’s Hand Book,” ])ag(^s 444 and 445. 

Wall Knot.— Sec “Ketchum’s Hand Book,” pagi*s 444 and 445. 

Wall Knot Crown. — See “Ketchum’s Hand Book,” pag(;s 444 and 445. 

Knot Maul.— Sec “ Maul.” 

Knotty. — Having many knots. Said of timber. 

Knuckle Gearing. — Sens “Ch»aring.” 

Knuckle Joint. — See “Joint.” 

K Type Truss. — Sec “Truss.” 

Kutter’s Formula. — A formula for (‘valuating the cof'fhcient, (7, in the following Chezy 
formula for the mean velocity of the current in a stream. 
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r = hydraulic radius, 

8 = sine of slope, 

and n = coefficient of roughness. 

Kyanizing . — \ process for preventing the decay of wood by impregnating it with 
chloride of mercury, patented by J. H. Kyan, in 1832. 


L 

Laced Strut. — See “Stmt.” 

Lacing. — A system of bars not intersecting each other at the middle, used to connect 
two leaves of a stmt in order to msike them act as one inembcT. 

Angle Lacing. — iS. system of laenng in wliich angle-irons an^ UK()d in place of bars. 
Double Lacing. — Erroneously uschI for “Latticing,” (/.v. 

Double Riveted Lacing. — Lacing in wliich each bar is connectwl by two rivets at each 
en<l. 

Single Lacing. — Same as “ Lacing,” q.v. 

Lacing Bar. — Sec “Bar.” 

Ladder Bracing. — Set' “Bracing.” 

Ladder Dredge. — Sen* “ Dnnlge.” 

Ladder-way. — A space or oixming for ascending or descending by a ladder. 

Ladder Work.— See “ Work.” 

Ladle. — A larg<? vessel or pot for holding, transporting, and pouring molten metal. 
Ladle-barrow. — A siiecial wheel-barrow for carrying a ladle of molten metal. 

Lag. — ^TIm? amount of retardation of some movement, as the lag of the valve in a steam 
engine, l^o hang back. The outside covering of a steam boiler to prevent radiation. 
The vertical timbers nailed to a “Lag Pile,” q.v. To fasten down with “Lag 
Screws,” q.v. 

Lag-bellied. — Any constniction having a slack, drooping belly. 

Lag Bolt. — Erroneously used for “Lag Screw,” q.v. 

Lagged Pile. — S(*e “Pile.” 

Lagging. — Same jis “Sheeting,” q.v. Also planking or timbers fjustened l)y lag screws. 
Lag Screws.— See “Screw.” 

Laid-up. — A t(»rm used in riveting to denote that the dolly bar is tight against the heail 
of the rivet preparatory to driving. 

Laitance. — Same as “Laitance of Cement.” St*e “Cement.” 

Laitier Cement. — Sec “Cement.” 

Lamellar Structure. — See “Stmeture.” 

Laminar. — Comi)osed of thin plates or layers. 

Laminated. — Having plates or scales. Scaly. 

Laminated Arch. — Sec “Arch.” 

Lampblack. — \ fine, block pigment consisting of particles of nearly pure carbon, used 
for making paints, ink, etc. 

Lance Wood.— “Wood.” 

Lanch. — Same as “Launch,” q.v. 

Land. — ^The smooth uncut part of the faceplate of a slide-valve in a steam engine. To 
put on or to bring to shore. 
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Landinif. — Same as “Land,” q.v. Also a resting place in a flight of stairs. 

Land Slide, or Land SIip.-^ce “Slide.” 

Land Tie. — A tie-rod, used to secure a facing wall to the ground. Any anchorage to 
the ground. A surveying term used to denote the distance from any point to 
a nearby sc^ction corner. 

Lang-lay Rope. — Wire rot)e in wliicli the wires in a strand twist in the same direction 
as the strands arc twisted. 

Lantern Pinion. — Set? “Pinion.” 

Lantern Wheel.— See “Wheel.” 

Lanyard. — A corI or line used for convenience or safety in handling articles. A small 
rope attaeluMl to a bucket for taking materials out of a hole. 

Lap. — ^To place one piece upon another, so that its edge extends beyond that of the other. 
Lap Joint. — See “Joint.” 

Lap Riveting. — See “Riveting.” 

Lap Seam.— Sec “Seam.” 

Lap Splice.— See “Splice?.” 

Lap Weld.— See “Weld.” 

Large Knot. — See “ Knot.” 

Larry. — Same ns “Lorry,” q.v. 

Lash. — ^l^o secure by tying. To burst or bmak out. 

Lashing. — A cord, rope, wire, or chain for binding or making fsist one thing to anothej*. 
Latch. — A devic(* for catchifig or retaining something. A catch. To hold or retain in 
place with a latch. 

Latch-bar. —A bar used for latcliing. 

Latch-catch. — A catch which holds the latch in the locking mcclianism of a draw-span. 
Latent Heat.— See “Heat.” 

Lateral. —At right angles to the line of motion; sideways. One of the pieces in a lateral 
system. 

Bottom Laterals or Lower Laterals. — ^Laterals in the plane of the? bottom chords. 

Top Laterals or Upper Laterals. — Laterals in the plane of the upper chords. 

Lateral Bracing. — See “ Bracing.” 

Lateral Clearance. — Set? “(Clearance.” 

Lateral Contraction. — See “Contraction.” 

Lateral Diagonals. —See “Diagonals.” 

Lateral Rods. — See “ Rod.” 

Lateral Section. — S(‘(? “Section.” 

Lateral Strain.— See “Strain.” 

Lateral Stress. — See “Stn*ss.” 

Lateral Struts. — S<?(? “ St nit .” 

Lateral System. — A system of tension and compression members, forming the web 
of a horizontal trass, connecting the opposite chords of a span. Its purposes are 
to transmit wind pressun? to the piers or abutm(»nts, to prevent undue vibration 
from passing trains or other loads, and to hold the chord members to place? and line. 
Lath. — A thin, narrow strip of woo<l, usc?d in buildings or for placing between rows of 
paving blocks in pavements on heavy grades so as to alTord better foothold for 
horses. 

Creosoted Lath. — A lath treated with creosote. 

Metal Lath. — ^A perforated m(?tal sheet used for reinforcing concrete. 

Timber Lath. — A lath made from timber. 

Lathe. — K macliine tool for turning various materials, such aa metal, wood, bone, etc. 
Metal Lathe. — A lathe which is used exclusively for turning metals. 

Timber Lathe. — A lathe used exclusively for turning timber. 

Latitude. — In surveying, one of the two coonlinatca of a point — usually referred to the 
east and west axis in a system of rectangular coordinates. 
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Lattice. — Same as Latticing/’ q.v. 

Lattice Angle. — See “Angle.” 

Lattice Bar. — See “Bar.” 

Lattice Bridge. — See “Bridge.” 

Lattice Girder. — See “Girder.” 

Lattice Truss. — See “Truss.” 

Latticing. — ^A system of bars crossing each other at mid-length, used to connect the 
two leaves of a strut in order to make them act as one member. Generally the 
crossed bars are rivetcnl together at their intersection. 

Double Latticing. — Same as “Latticing,” q.v. 

Single Latticing. — ^Errom^ously used for “Lacing,” q.iK 

Launch. — ^1\) movci heavy bodie^s by pushing. The sliding of an object, wliich will 
float, into the water. A small power boat. 

Launching Ways. — Schj “Ways.” 

Launching Wedges. — See “Wedges.” 

Launhardt’s Formula. — \ formula pertaining to the fatigue of metals. 

n 

wi = Pi H (/ — />i) 

m 

where m = maximum stress. 

Pi = repetition limit when n = 0. 
n = minimum stress. 

/ = ultimate static strength. 

This formula does not properly apply to any part of !)ridge engineering. 

Layer-out. — The' pc'rson in a bridge; shop who lays e)iit the st(*elwork with templates. 

Layout. — \ plan e)r arrange*me‘nt of the parts e)f a structure' she>wn on a drawing. 

Alternate, or Alternative Layout. — One of two or more^ different layouts, or schemes, 
for the same preije'ct. 

General Layout. — A drawing showing an ele'vation, plan, and cross se,'ction for a 
structure, and any other notes — such ius borings. 

Lazy Jack. — See “ Jae*k.” 

Lazy Pinion. — Se'e^ “ Pinion.” 

Lead. — '^Flie* e^oeirse of a running rope from end to end. In a steam engine, the arrange* 
merit of the valves. A pjissiigeway. ^fhe average distance requirc'd to be traveled 
to remove the earth of an excavation so as to form an embankment, or the average 
haul. 

Lead. — Om? of the useful mt'tals remarkable for its softness and durability, having 
a specific gravity of 11.11. To covc'r, fasten, smooth, or polish witli lead. 

Blacklead.— A naiTU' sometimc's usihI for gi'aphitc'. 

Cast Lead. — Lead which h:us bt'en cast in a mould. 

Milled Lead. — Same iis “Slieet Lr'iul,” q.v. 

Red Lead. — An oxide of Ic'ad — ust'd as a pigment for ]iaint.. 

Sheet Lead. — A thin plate of le:ul made by passing a fiat ingot rejieatedly through 
rollers. 

White Lead. — A mixture of the carbonate' and the hydrated oxides of lead. Used 
as pignu'nt for paint. 

Lead Gray. — CJolored like h'ad. 

Leading Beam. — See “Beams.” 

Leading Line. — Same as “Lejwl Line.” Si'c “Line.” 

Leading Pile.— See “Pile.” 

Leading Wheels.— Sec “Wheels.” 

Lead Joint. — Sc'e “Joint.” 

Lead Line. — Sec “Line.” 

Lead Pipe.— Sec “Pipe.” 
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Leads. — ^Tlu' two upriRht tiinbor or stct‘1 guides on a pilcMlriver in which the hammer 
mov('s. 

Lead-Slag Concrete. — S(h» “Concrete.** 

Leaf (of a member). — ()n<^ of the vertical component parts of a built-up member; 
consisting gen(*rally of one or mort? web platen with top and bottom angles, or 
onc' rolh^l (‘haniu^l. Usually t wo in number and sometimes three. 

Leaf Bridge. ---iScH.' “Hridge.” 

Leaf Valve. — Same as “Clack Valve.” Sw “Valv(».” 

Leaf Work. -Sec “Work.” 

Leak. — 'FIk* (\s(*ai)e of gas, air, water, or steam through an opening. A gutter is often 
termed a leak. To drip or ooze out of an aperture of any sort. 

Least-work. — A method of di^termining stresses in the memb('rs of a redundant system. 

Principle of Least-work. — ^The stresses in the incumbers of a nMlundant system have 
such values that the internal (mergy of all th(‘ strt»sses is a minimum. 

Leaves. — TIk' cogs of pinions. The portions of a moving bridge which actually riwolve. 
The two or more main components of a built nu^inber of a truss or tn'stle. 

Ledge. — part pi-ojecting over like a shelf. A narrow strip of boiu*d nailed acToss other 
boards to hold them tog«»ther. 

Ledger. —A bar, b(»am, or stom* that lies flat, or horizontal. A piiicc? of timber used in 
forming a scaffold. A book for kec^piiig ac;coimts. 

leeward. — The sich* opposite to that from which the wind coiik's. 

Left-handed Nut. — Set* “Nut.” 

Left-handed Thread. — S(‘e “Thread.” 

Left-handed Screw. - -iSee “S(T('w.” 

Leg. — Anything that resembles th(^ limb of an animal or ser\'es a similar inirpose, jw 
in supporting a lo:id; e.g., the inclim'd legs in an A frame, or tht‘ two portions 
of an anghviron separattnl by the bend. 

Stiff Leg. -A leg capable of taking compn^ssion. 

Leg Bridge. — Sec^ “Bridge.” 

Lemniscate. — .V curve resembling a figm-cj eight. More precisely definc'd as the locus 
of the point at whash the tangent to th(^ equilateral hyperbola inei'ts th(* perpen- 
dicular let fall upon it fniin the cemter. 

Length. — Extension from end to (»nd. Distance* measured along a lin(*. 

Effeciive Length. — That length of a member or structure usc*d for tla* fnirpose of 
designing it. In a girdcT or truss tin* distance between th(^ points of support. 

Gauge Length. — 'rhe original hmgtli marked on a tc*st bar for the* detcTininat ion of 
the elongation. 

Panel Length. — The distance betweem two adjacent panel points in the same? chord 
of a truss. 

Unsupported Length. — ^The l(*ngth of a compression m(?mber b(‘tw(*en the near(*st 
points of lateral restraint. 

Lens. — A piece of transparent substance, usually glass, bound(*d by two (Mirvc»<l surfaces 
having the }M)wer of n^fracting light. 

Lenticular Arch.— Scmj “Arch.” 

Lenticular Truss. — S (!0 “Truss.” 

Letting. — ^The awiirding of a contract to a biddcT. 

Sub-lctting. — ^Tho re-awarding of a contract or a portion l,her(^of by the successful 
bidder to anothcT party. 

Level. — ^To make horizontal, or to bring into a jdanfj paralk*! to the horizon. To bring 
to a common level. To work with a leveling instrumc^nt. An instniment for 
sfHsiiring a horizontal line of sight. 

Carpenter’s Level. — A plummet attached to a yfwnivn T having a line through the 
attachment of the plumb-line perijendicular to the edge of the wood. Also a 
“Spirit Level,” q,v. 
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Level. 

Dumpy Level. — ^An engineer’s level having a short telescope rigidly fixed to the 
supporting bar and vertical axis. 

Engineer’s Level. — ^A levelling instrument consisting of a telescope, having cross 
hairs, mountcxl on a supporting frame which can be brought to a level by means 
of screws, and which can be rotatiMl about a vertical axis. A tripod serves to hold 
the instrument at a convenient height for the observer. 

Flying Level. — X hasty, preliminary leveling over a proposcxl route. 

Hand Level. — A small hweling instrument held in the hand for approximating 
diffen*nc(»s in elevation. 

Locke Level. — A type of hand-level consisting of a small tube with a spirit bubbles 
mount ( m 1 on the, uispcr side and a wfracting prism or a roflejctor to show the? bubble 
in the fii^ld of vision. 

Precise Ijevel. — A modification of the Y levc*l with improvements and additions 
permitting of more accurate^ work. 

Spirit Level. — A long block of wood or a metal frame of similar size and shape holding 
a short, slightly curvc'd ghiss tubc^ closed at the ends and nearly filled with ether. 
'Fhe bubbk', thus prrjduced, will come to the center of the tube when the apparatus 
Is level. 

Surveyor’s Level. — Similar to “Engineer’s Lc'vel,” q.t\ 

Water Level.- The ('levation at which water stands. 

Y Level. -A hweling instrum(*nt having its telescope in Y standards, permitting 
of a rotation thcTcin and a removal therefrom with a reversal of ends, so as to 
faeilitat<‘ the pro<H'ss of iuljusting. 

Level Book. — A field book in which to rc*conI level notes. 

Lcveler. — One who does levt'ling work. A small stone used illegitimately in masonry 
to adjust the elevation of a large, cut stone. 

Leveling Instrument. -A surveyor’s or enginc'cr’s levcd, q,v. 

Leveling Pole, or Leveling Rod, or Leveling Staff.— See “Rod.” 

Level-man. — 1’he man in a survey party who oper:it(‘s the level. 

Level-notes. — R<‘(?or<ls of back-sights, heights of inslrumc*nt, fon'sights, and elevations 
as written b}^ the observer in the* level book. 

Lever. A nu'chanical c'lement, or simple; machine, consisting of a bar or rigid pi(»cc 
of any shajM' which is acted upon by two forces severally tending to rotate it about 
a fixed axis. Any rod or bar used for prying. 

Hand Lever. -A hand tool (consisting of a small steel bar for prying. The handle 
by which an engine* or a maejhine is starte*d. 

Laws of the Lever. -An e*arly day (Expression usenl to demote the conditions of eepii- 
librium e^f tlu-ee* force's in one* plane. ’Phey are* as follow’s: 

First. — "Phe* thre*e* jjaralH fe)r(;t*s appli(*d to one body must balance each other 
and lie; in t he* same* plane. 

Fvrotuf. —The two (Extre'ine force's must jwt in the* same elire'ction. 

ThinL — 'Phe* middle force; must act in the oppe)site dire'ction. 

Fourth . — ’’Phe magnitude; of each force must be proportional to the distance 
be'tween the other two. 

Link Lever. — A eumt rolling lever fejr moving the link of a valve gear in a steam engine. 

Leverage. — Lever powe*r, or the arrangement b^'^ which le*ve'r power is geiinc'd. 

Lever-arm. — ^'Phe |M'rpendiciilar distance from the centre of moments to the line of 
action of a fore;e*; or in t.he case of a couple, the distance between the lines of 
actiion of t he; two e'qual and parallel forces. 

Lever Draw Bridge. — Se*e “ Bridge.” 

Lever Hoist.— See “Hoist.” 

Lever Jack. — See; “Jack.” 

Lever Valve. — See “Valve.” 
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Lewis. — device composed of two or three pieces of metal, let into a wedge-shaped 
hole in a block of stone, and having a ring or loop at their upper end for attaching 
the hook of a hoisting appiir<atus. 

Lewis Bolt.— See ^‘Bolt.” 

Lewis-hole. — ^The hole drilled in a block of stone for the reception of a lewis. 

Lift. — ^To move or heave iipw'ard. The apparatus used in lifting. An elevator, a 
hoist. 

Sand Lift. — Same as “Sand Hoist,” q.v. 

Lift Bridge.— Sof^ “Bridge.” 

Lift Hammer. — See “Ilaininer.” 

Lifting Bridge.- - Same as “Lift Bridge,” 

Lifting Deck.— See “Deck.” 

Lifting Jack. — See “Jack.” 

Lift Pump. — St'e “ Pump.” 

Lift Span. — See “Span.” 

Lighter. — scow, barge, raft, or other small vessc'l for unloading ships at a distance 
from th(' shore. 

Lime. — A product made by heating linu'stone, marble, or sheila to a high temperature 
ill kiliLs. As it comes from the kilns in a pure state, it is (('aO) calcium oxide. 

Air Slaked Lime. — Lime which has absorbed moisture from the air. 

Caustic Lime. — Same as “(Juick Lime,” q.i\ 

Common Lime. — Same as “ Ijme,” q.v. 

Fat Lime. — A lime rich in protoxide of calcium. 

Flour of Lime. — Air-slaked lime reduced to the consistency of flour. 

Free Lime. — In cement, lime that has not combined with the? silica and alumina. 

Hydrated Lime. — ^Same as “Slaked IJme,” q.r. 

Hydraulic Lime. — A lime made from limestone containing clay or silica which, during 
calcination, enters into combination with a portion of the lime and thereby givc\s 
it the additional property of hardening under water. 

Magnesian Lime. — A term applied to limes containing more than five per cent of 
magnesia. 

Meager Lime. — A lime that is lacking in the protoxide of calcium. 

Neat Lime. — Lime mixed with water and iLsc*d for phistering or whitewashing. 

Paste Lime or Putty Lime. — A tliick mixture of lime and water. 

Quick Lime. — The commercial lime, or a calcium oxide, which has not been hydrated. 

Rich Lime. — Same Jis “ Kat Lime,” q,v. 

Silicate of Lime. —A union of silica and lime (Si02CaO). 

Slaked Lime. — A lime that has been mixed with water, or hydrated. 

White Lime. — A solution or pri*paration of lime used for white- washing. 

Lime-cement Mortar. — Simj “ Mortar.” 

Lime KUn.— See “Kiln.” 

Lime Mortar. — See “ Mortar.” 

Limestone.— A rock of .sedimentary ori^n con.sisting largely of calcium carbonate 
(CaCOa). 

Dolomitic Limestone. — A limestone containing more than one-thinl part of carbonate 
of magtKfsia. 

Magnesian Limestone. — A limestone containing one-third part or less of carbonate 
of magnesia. 

Oolitic Limestone. — A granular limestone in which esich grain approximates to the 
form of a sphere, producing a resemblance in the rock to the roe of a fish; hence 
the name. 

Lime-wash. — Same as white-wash or white lime, qju. To white-wash. 

Limit Load. — See “Ix^ad.” 

Limit of Elasticity. — Same as '^Elastic Limit|” q,v. 
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Limits. — The precise boundaries between two contiguous re^ons ot magnitude or 
quantity. 

Linmoria. — small crustacean about the size of a grain of rice requiring both air and 
water for its existence. It works on the surface of wood with its claws or man- 
dibles taking off at one time a layer about one-half inch tliick. It is usually most 
active in brackish waters at low water level. 

Linch Pin.— Sec “Pin.” 

Line. — unit of kmgth, as one tenth or one twelfth of an inch. A row of anything. A 
limit, division, or bound«ary. A length without bmadth, or tlui tnice of a moving 
point. A string, cord, or skuidcr rope. A mark drawn by a pen or pcmcil. To cover 
or till the insid(; of anything. To keep things in line. A railway. 

Abutment Line. — ^The closing line of an ecpiilibrium polygon. 

Air Line. — ^The shortest distance between two points on the (»arth\s surface. 

Base Line. — ^A line adopted as a fundamental line in a survey from which other lines 
are run. Useil in triangulation work. 

Broken Line. — Any line composcMl of two or more straight lines. 

Carpenter’s Line. — Any light cord or string stmtehed belwcH^n nails, us(m 1 by car- 
penters to line up work. 

Centre Line. — A lim^ connecting the centric points of anything. 

Chalk Line. — A (iord rubb(Ml with chalk, uschI for marking lines on surfaces by being 
h(»ld taut and snapp(‘d with the fingers. Also the mark left by such a process. 

Clearance Line. — A liin* on a diagram showing the minimum clearance allowed. 

Closing Line. — ^The hist liru^ or sidi* of a iwlygon, drawn or surveyed, which encloses 
the area. 

Contour Line. — A line joining points having or n^presimting equal i»l(» vat ions. 

Curved Line. — A lim^ which chang(*s direction at c'very point. 

Datum Line. — A line of n?ference. Tliis term is sometimes iiKJorrcctly used for 
“ Datum Plane.” 

Fall Line. — A ro|K5 or stwl cable uschI with pulley-blocks in hoisting. 

Grade Line. — A line connec^ting grade |)oints. 

Ground Line. — The line of intersection of the vertical and horizontal planes of 
referencHj. The' line sliowing the surface of the ground on a i)rotile. 

Guy Line. — Same jus “Guy,” q.v. 

Hand Line. — A small n)|M‘ lused in guiding moving, susi^ended obj(»cts. 

Horizontal Line. — Any line in a horizontal ])lane. 

Influence Line. — A line which represimts the variation of moment, shear, stress, 
deflection, or simihir function at a particuhir point, in the struct un*, du(» to a load 
of unity moving across it. 

Leading Line, or Lead Line.— A line attsiched to the hammer in ji pih' driver. The 
line or ejible which runs from the loail to be lifted to the first sheave or block in 
a hoisting tjickle. 

Lead Line. — TIk? line attached to the sounding lead for measuring th(? depths of 
water, marked in either fathoms or fcM't. 

Load Line. — A rope or cable which carries the load. In grapliic statics, the line of 
a fon^e polygon on which the* lojuls are laid off. 

Meander Line. — A traverse limi run jilong the banks of a strejun so as to conform 
with its changes of direction and to enable it to be ploiteil. 

Mooring Line. — ^A line used to fasten an object. Generally applied to a vessel or 
barge. 

Mud Line. — ^Thc line of intersection of the mud surface with an object imbedded 
therein. The earth lino in a profile of a river crossing. 

Neat Line. — ^Thc true face line of a building regardless of the projections of tliq 
stones. A line bock of or inside of incidental projections. 

Periphery Lines. — Lines forming the periphery of an object or figure. 
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Line. 

Pile Line. — Tlic ropo or ralilc* usc'd to pick up a pilo and land it in placo bclwccm 
the leads of a pile driver. 

Pipe Line. — A seri(\s of pipes eonnc'ct(Hl up to fonn one syslcMii. 

Pitch Line. — Same as “Pitch Circle/’ q.v, 

Piumb Line. — A vcTtical line. A tool consisting; of a Wf'ight susjx'ndod by a cord, 
usihI for plumbing members of a structure, or for setting a surveying instnimcnt 
over a point. 

Rupture Line. — The line along which rupture occura or would occur if the piece wert? 
tested to destruction. 

Snubbing Line. — A line or rope cjuTicxl on the forward end of a barge or raft, list'd 
to pass around a post so lus to cht^ck tht' momentum of the floating mass. 
Springing Line. — ^I'he line conm'cting the' lowe'r t'dges of the* springers in a masonry 
arch; or, in general, the line connecting the two o])tM)sit(' jioints where the cuiwe 
of the intriidos intersects or becomes tangent to the face of the supports of the arch. 
Straight Line. — The shortt'st distance betwetm two iwints, a line' whieih luis no curves 
nor anglt's. 

Tag Line, or Tail Line. — ^Ai*ope attachcKl to a lojul in oitler to direct its movement. 
A loose hanging lim* for pulling down an object. A tripiiing lim* for a collaiisiblc 
bucket. 

Tie Line. — A hitching rope for a barge or other vessed. 

Traverse Line. — Oftc'ii called a “Traverse.” A scTies of connected line's of which 
the* lengths and bearings have* bes'n dc'termined. 

Trip Line. — A rope by which a trip is oiM‘ratc*d. 

Tow Line. — .\ny line used for towing. 

Vertical Line. — Any line which is perpendicular to a horizontal plane. 

Water Line. — The intersection of the fre'e surface* of a be)ely e)f wate'r with any planer 
or object. 

Lineal. — Relating to length only. Often WTitten “Line.*ai-.” 

Lineal-foot. — .V running foot. 

Linear. — Same as “Lineal,” q.v. 

Linear Arch. — Se'o “ Arch.” 

Linear Velocity. — See “Velocity.” 

Line of Gravity. — See “Gravity.” 

Line of Resistance. — Sec: “Resistance.” 

Lining. — ^Thc cove'ring of the; inne'r surface of anything. 

link. — A ring or clement of a chain, a loop. Anything serving to cemne'ct erne thing 
to another. To unite* or connect. \ cn)ok or winding in a rive*r. 

Repair Link. — A split link useel tempoRU-ily for re*pairing a chain. 

Snap link. — An open link with a movable pai t ope*rat(*d by a si)ring, use*d to conn(*e;t 
chains. 

Link Belting.— See “Belting.” 

Link Block.— S(3C “Block.” 

Link Chain.— Sec “Chain.” 

Unk Lever.— See “I^.ve*r.” 

Link-motion. — In steam engines, a system of ge'aring for controlling the; valve's, re'gu- 
lating the position of the cut-off, and starting or njversing the (;ngine. 

Lintel. — ^A horizontal beam across on opening in a wall. Same as “Brc'iist 
Summer,” q.v. 

Linville Truss. — See “Truss.” 
lip Washer. — Sck; “Washe*r.” 
liquidate. — ^I'o pay off a dc;bt. 

Liquidated Damages. — Damages determined, as to amount, either by agreement or 
by a judgment. 
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Uve Load. — See "Load.” 

Live Load Stress. — Sec "Stress.” 

Load. — ^The weight carrio^l by a beam, girder, truss, span, or structure of any sort, 
or any part of such structure, including its own weight. 

Apex Load. — ^Thc load at a panid fioint of a truss. 

Axle Load. — ^^fhe load which comes on an axle of a wagon, car, or locomotive and 
is in turn transferred to the structure*. 

Breaking Load. — A load which when placed upon a structure or ti^st piece would 
just be great enough to break it. 

Centrifugal I^oad. — The horizontal loiul on a structure produced by the centrifugal 
reaction causcnl by the velocity and mass of a moving train as it passes around 
a ciu’ve. 

Concentrated Load. — ^A loiid that is concentrated at a point or distributed over a very 
small area. 

Crippling Load. — A load which, if put on a member or a structure, will disable! or 
weak(»ii it. 

Dead Load. — 'riu* weight of all the parts of a bridge itsdf and anything that may 
remain upon it for any length of time!, such jis tracks, water mains, telephone and 
telegraph lines, snow, dirt-, moisture, etc. 

Eccentric Load. - A load which is applied to one side of the axis of resistance, and 
which, cons(*(iu('ntly, i)rodu(!(\s a bemding moment on the piece considered. 

Equivalent Uniform Live Load. — A load of the same weight, for each unit of its length 
and jiractically (‘(piivak'nt in its effect to an assumed typical live load composed 
of varying wheel concentrations with various wlu'el spa(*ings. 

Excess Load. — An “()v(»r Lojul,” q,v. 81*0 also "Locomotive Excess.” 

Fixed I.fOad. —Any dcMerininc'd lojwl. 

Impact-allowance Load. — .\ percc'iitsxgc! allowance for impa(!t fn)m th(! live* load. 

Impact Load. —A load due to "Impact,” q,v. 

Indirect Wind Load. -A transfeired wdiid load. 

Limit Load.--rhe grc'atest load which a stnicture is permit tc'd to (tarry jus set forth 
in the spc'cificjitions. A sjifc'ty kmd. 

Live Loaid. — .V moving load on a structure. 

Moving Load. -An iwlvancing load on a structure. 

Over lioad. — A lojul which prodiaa's intensities of stress bc'yond the allowable unit 
str('ss('s. 

Panel Load. — Sjime as " Apex Load,” q.v. 

Permanent Load. — Same as "D('jui LojmI,” q.v. 

Proof Ijoad. — 'fhe grejit(\st lojul that can be applied to :i membi'r without produc.ing 
pernijinent distortion. 

Quiescent Load. — A load that is not in motion. 

Rolling Load.- -Same :is "Moving Lojwl,” q.r. 

Safe Load. — Any lojid \vhich do(‘s not produce stresses, in the members, having 
higluT int.(‘nsit i(*H thjin those* allowefl in the specifications. 

Static Load. — Same as " Dead Ixaid,” q.v. 

Test Load. — ^A live load app 1 i('d to any finished construction as an ocular proof of 
its safety. It is of no n'al value. 

Traction I^oad. — A lojid due* to tlu* kic^k biu*k of the* locomotive driv(*rs running on 
the mils (equal to the draw-bar pull), or the thrust from a bmkcxl train. 

Transferred I^ad.— A load which has been carric'd over from another part of the 
struc.ture to the in(*mb(T in question. 

Transverse Ijoad. — A lojxd whi(!h is ap]di(*d perpend i(!ularly to the plane of the 
longitudiiud jixis of the member or the stnictun*, such as a wind load. 

Unbalanced Ismd.- -A load without a counterpoise, llefeis generally to loads from 
locomotive di'ivers. 
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lioad. 

Uniform Load. — load which is uniformly distributed, or the same per lineal foot 
of span. 

Wheel Loads. — Loads on the different wheels of a locomotive. Also a system of 
wheel loadings. 

Wind Loads. — ^A load on a structure due to the pressiu*e of the wind. 

Working Load. — A safe load establisluHl by the specifications. 

Load Diagram. — See “Diagram.” 

Loading. — systc'in of losuls on a structure. The act of placing loads on vehicles. 

Load Line. — See “Line.” 

Loblolly Pine.— S(Hi “Pine.” 

Lock. -To close and fast('n in. Any form of a brake or drag for whe(*ls which prevents 
their turning. A barruT to confine water in a stream. A ]X)rtion of the air shaft 
to a caisson shut off by two doors and used by the workmen for entering or leaving 
the caisson. 

Nut Lock. — A device for preventing a nut from turning. 

Lock Bar.— vSee “Bar.” 

Locke Level.— Sec “Level.” 

Locking Gear. — See “dear.” 

Lock Joint. — See “Joint.” 

Lock Nut.— See “Nut.” 

Lock Nut Washer. — Sec “Washer.” 

Lock Pit.— See “Pit.” 

Lock Sleeve. — Se(j “Sleeve.” 

Locomotive. — A st('ain engine which travels on whc'ols turned by its own powcT, or an 
engine designed and inlapted to travel on a niilroad. A railroad engin(\ 

American Locomotive. — A passenger locomotive having four pilot, four driving, and 
no trailer wIkm'Is. 

Atlantic lAicomotive. — A passenger locomotive having four pilot, four driving, and two 
trailer w^heels. 

Back Truck lAicomotive. — A locomotive having a truck, with a pair of wheels, under 
its rear end «*us w^ell as a truck in front of the driving wheels. 

Belgian Tank Locomotive.— A locomotive having a tank on each side of the boilcT. 

Compound liocomotive. — .\ freight locomotive having two or mon^ c.ylindcTs (some- 
times four) on each side, in which the steam is worked expansively from cylinder 
tf) cylinder. 

Consolidation Ijocomotive. — A freight locomotive having two pilot, eight driving, 
and no trailer wheels. 

Dinkey or Dinky Locomotive. — Any small locomotive for hauling earth, rock, etc., 
which runs on a narrow-gauge track. UschI largely by contractors. 

Double Ender Locomotive. — A locomotive having two fin; box(;s and two sots of 
engines. 

Double Piston Locomotive. — A locomotive in which each cylinder lias two pistons 
with rods j>roiectiiig from c;ach end, and working on crank-pins set at 180 degrees 
from each other. 

Double Truck Tank Locomotive. — A locomotive which has two trucks, and carries 
boilers and tenders on a single frame. 

Electric Locomotive. — A locomotive run by an c;leciric current. 

Fireless Locomotive. — A locomotive driven by compressed air or by steam generated 
from highly heated w'uter carried in strongly constructed tanks. 

Four-cylinder Locomotive. — A locomotive having four cylinders and two systems 
of driving wher^Ls. 

Freight Locomotive. — Any heavy locomotive which draws freight cars. Usually 
one with heavy wheel concentrations and small drivers. 
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Locomotive. 

Geared Locomotive. — A locomotive in which the motion of the engine is conveyed 
by gearing to the drivers. 

Mallet Locomotive. — A heavy fnught locomotive having two sets of six, eight, or ten 
driving wheels each. 

Mikado Ijocomotive.— A heavy locomotive having two pilot, eight driving, and two 
trailer whcu'ls. 

Mogul Locomotive. — A type^ of freight engine with three couphnl driving wheels on 
each side and a swinging, two-wheeled truck in front. 

Mountain Locomotive. — A heavy locomotive having four j)ilot, eight driving, and two 
trailer who(‘ls. 

Pacific Type l^ocomotive. — A locomotive? having four pilot wheels, six driving wheels, 
and two tiail(?rs. 

Passenger Ijocomotive. — A locomotive having large drivers used for hauling passenger 
cars. 

Prairie Type Locomotive. — A locomotive having two pilot,, six driving, and two 
trailer whe(‘ls. 

Shay i,.ocomotive. -~A g(>ar(?d locomotive. 

Switching Locomotive. ~ A loeomotivt^ uscmI mainly for switching cars in the yards. 

Tank Ijocomotive. — A lo(;omotive permanently connc'cted with its tender. 

Ten- Wheeled l^ocomotive. —A loeomotiv*? with six coupknl driving wImm'Is, and a four- 
whe(*led truck in front, of the drivers. 

Locomotive Balance. — A s])ring.used in place of a WTight to control the safety valve 
of a locomotive. 

Locomotive Boiler.— See ‘‘BoilcT.” 

liocomotive C'ar. — S(»e ^‘Car.” 

Locomotive C'rane. — Crane.” 

Locomotive Diagram. - -S(‘e ‘‘Diagram.” 

Ijocomotive Driver. — S(m» “Driver.” 

Locomotive Excess-load. — An (*arly method for computing stresses in a span by the 
use of a uniform carload with one or more* engiiu? (*xc(\ss(\s. No longer employed 
in AuKTican hihlge designing. 

Double Locomotive Excess-Load. — A live lojul composc^d of a unifonn carload per 
lineal foot. preced(*d by one concentrated loiul and followcnl by another about fifty 
fc*et bi'hind, or the length of a locomotive with its tender. This loading is no 
longer usihI in AiiKTican bridge engiiKHTing. 

Single Locomotive Excess-load. — live load in which a single concimtration is 
followcnl by a uniform (;ar load. 

liocomotive-pilot. — 'Phe truck and its whwls set in front of the drivers of a locomotive. 

Locomotive Pump. — S(H' “ Pump.” 

Locus. — 111 inatheinat.i(‘s, a curve considered as generated by a moving point, or a 
surface? consider'd as gencTate'd by a moving line; tlu* partly indeterminate position 
of a point subjc'ct to an equation or to two c'quations in analytic geometry; a curve 
considc'rc'd as gi'iicTati'il by its moving tangent or by a moving curve of which it 
is t he envc'lope; any system of points, lines, or planes dc'fine'd by general conditions, 
and, in g(?n('ral, partly indeterminate. 

Log. — An abbreviation for “Ijogarithm,” q,v. A bulky piece or stick of timber. 

Logarithm. — ^The exponc'nt of the power to which a fixed number, called the base, 
must be raised in oi*d('r to produce a given number. 

Briggs’ Logarithm or Common Logarithm. — A system of logarithms in which the base 
is ten. 

Hyperbolic Logarithm, or Naperian Logarithm, or Natural Logarithm. — A system 
of logarithms in which the base is 2.71828+- 

Logarithmic Curve. — See “Curve.” 
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Logarithmic Spiral Curve. — See “Curve.” 

Logarithmic Table. — A table which gives the logarithms of consecutive numbers and 
of trigonometric functions of angles. 

Lomas Nut. — See “Nut.” 

Long Column. — See “Column.” 

Longitude. — Same as “DepartiHe,” q. v. 

Longitudinal Axis. — Sen? “Axis.” 

Longitudinal Beam. — See “Beam.” 

Longitudinal Bracing.— 'Sch^ “Bracing.” 

Longitudinal Component. — S<'e “Component.” 

Longitudinal Girder.- -Sec “Girder.” 

Longitudinal Pinion. — See “Pinion.” 

Longitudinal Section. — See “Section.” 

Longitudinal Shear. — Sc'e “Shear.” 

Longitudinal Stress. — See “Stn^ss.” 

Longitudinal Thrust. — See “'Fhciust.” 

Longitudinal Tie Girder. — See “GirchT.” 

Long Leaf Yellow Pine. — Scm* “Pirn*.” 
lA>ng Ton. — Sec» “Ton.” 

Loop. — A folding or doubling of a string, cord, or chain. The bend in a river. To 
Listen or secure with loofis. A knot or burr, oftc*n of large size, on tri'es. A slotted 
bar or ring at each side of any piece of machinery, designed <o control the move- 
ment of another part. An elongated eye in a small eye-bar. 

Bent Loop. — A loop eye-bar in which the loop is bent in respect to the direction of 
the length of the bar. 

Loop Eye. — S(M' “ Kyv” 

Loop Tackle. — S(m» “Tackle.” 

Loose Joint. — Se(* “Joint.” 

Loose Knot. — S<*e “Knot.” 

Loricated Pipe. — See “Pipe.” 

Lorry. — .Vn hinglish term for a tramway vragon, i.e., a long wagon having a very low 
platform and four small wheels used for c;arrying fri'ight. At the* pn'seiit time 
it is used to denote a motor truck and also a hand car. In the IJnitwl StaU's, a 
droi^bottomed car running on a track, such as that around a blast furnace. Also 
spelk'd “Larry.” 

Lorry Rail or Ix>iTy Track. — Sec? “Track.” 

Low Bridge. -See “Bridge.” 

Lower Chord. — Same as “Bottom Chord.” Sec “Chonl,” 

Lower Deck. — See “Deck.” 

Lower Falsework. — Sec “Falsework.” 

Lower Lateral Bracing. — Sec “ Bracing.” 
lA>wer Laterals. — See “Laterals.” 

Low Steel.— S(‘e “Steel.” 

Low Water. — See “Water.” 

Low Water Mark.— See “Water.” 

Lubricant. — Any material usuhI on nibbing surfaces to mluce the friction and thcTeby 
also the? resistance to motion. 

Lubricate.— To reduce the? friction of two surfaces that an? in contact by the inter- 
position of oil or othcT material so as to l(?ssen the friction bctwiHjn them when ono 
mov(\s on the other. 

Lubrication. — ^^Fhe act of lubricating; the state of being lubricated. 

Luff. —To bring a vesstd into the wind. To swing the boom of a derrick. 

Luff Tackle.— Sec “Tackle.” 
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Lug. — ^Any kind of a projection for carrying or supporting something. 

Angle Lug. — Same as ‘‘Clip Anghj.” See “Anglo.” 

Lug Angle.““Same as “Clip Angle.” S<h 3 “ Angle'.” 

Lug Bolt. — See “Bolt.” 

Lug Hook. — Same sis “Lug Bolt.” See “Bolt.” 

Lumber. — Timber that has bec'ii sawenl or split for use. 

Lumber Kiln.— Sec “Kiln.” 

Lump-sum.— An adjective appluMl to the methofl of paying for different kinds of work, 
all lumpt'tl together as one unit. A single payment. 

Luster. — A term used in describing the character of the ri'flections obtaincHl from the 
fractun'd surfaces of minerals and from the broken ends of nu'tal test-picHScs. 

Lute. — A mixture of fire-clay, used to seal cracks whc'n heat is applied. 

M 

Macadam. — ^A type of pavement consisting of broken stone laid in courses and rolled. 
MacArthur Pile. — Same as “Pedestal pile.” Se<? “Pilc^.” 

Machine. — ^^Vn apparatus, instrument, or mechanical clement for thi.' transmission of 
force and the conversion of motion. 

Machine Boit.— See “Bolt.” 

Machine Chain.— See “(.'hain.” 

Machine Drill.— See' “Drill.” 

Machine Finish. -St e “Finish.” 

Machine-made. — Made* by a machine; usc'd in contra-distinction to hand-made. 
Machinery. — A gt*ii(»ral t<*rm uschI collc'ctively for a number of machines. 

Supporting Machinery. — Machinery usc'd in connection with the operation of a lift 
si)an. 

Machinery Barge. — See “Barge.” 

Machinery House. — A house in which machinery is kept for its protc'ction. 

Machine Screw.— -Sec* “Serc'w.” 

Machine Shop. — »See “Shop.” 

Machine Work. ~S('e “Work.” 

Machinist Hammer. — Sec “Hammer.” 

Magnesian Lime.— -Sec* “Lime.” 

Magnesian Limestone. — Sec “Tjmostone.” 

Magnetic.- -Having properties lik(^ those' of a magnet — possessing magiif tism. 

Magnetic Needle. — St't' “ Nee'elk'.” 

Main Diagonal.- -S('(' “Diagonal.” 

Main Member. — Sec “ Member.” 

Main Shaft.— Se*‘ “Shaft.” 

Main Stress. — Sc'ej “Stre'ss.” 

Maintenance Cost. — See “Cost.” 

Making Iron. — An iron with rounded teeth, used for driving home a strand of oakum. 
Male Screw. — Sc'cj “Screw.” 

Malleable. — (Capable' of being shapc'd by a beating or rolling process. 

Malleable Cast Iron. — Same as “Malleable Iron.” See “ Iron.” 

Malleable Iron. — S(?e “ Iron.” 

Malleable Pig.— Sec “Pig.” 

Mallet. — A small wooden hammer wielded with one hand. 

Calking Mallet. — A mallet usi'd in driving calking irons. 

Mallet Locomotive. — See “Locomotive.” 

Mandrel, or Mandril. — A short shaft of uniform or varying diamt'ter upon which various 
pieces of metalwork can be mounted for turning in a lathe. A metallic core used 
in driving Raymond or Simplex piles. 
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Manganese. — motal resembling iron and having a strong aflTinity for it. Used in tho 
manufacture? of all steels, the percentjige thereof generally varying between onc-half 
and unity. 

Manganese Steel. — See "Steel.” 

Mangle. — A s(‘t of rolls for straightening plates. 

Manheim Slide-rule. — Sen? "Slidc'-rule.” 

Man-hole. — An opening or (‘ntranee? by which a man can enter a closed space, such as 
a boiler, sewer, or conduit. 

Manifold. — .V tube, usually of cast metal, with one or more flanged or screw-threadcHl 
inlets and two or mon* flanginj or sen'w-t breaded outh'ts for pipe connections. To 
inak(' a number of copi(?s of anything by a single operation. 

Manila Hemp. — Sec "Hemi).” 

Manila Rope.— -Sc'o "Rope.” 

Man-power. — The i^ower exerted by a man. A mc'chanism by which man can exert 
liis power to advantage. 

Map. — A descriptive drawing or delim^ation of a section of th(? countr>^ 

Hydrographic Map. — A map showing a watercourse or a portion theiTof and in- 
dicating the depth of wat('r at various points, thc» din^ction and velocity of the 
current, the character of b(‘d anti bank, and other information pertinent to any 
special strt'am. 

Topographic Map. — A map showing the configuration of land by (*ontour lini's, or 
lines of equal t'levation. 

Margin. — A spact? along an edgt; or boundary liiu‘, a bonltT. 

Margin Draft. — S(*e " Draft.” 

Marking Gauge. -Saint' as "Hand Gaugt'.” Stui "Gauge.” 

Marline. — A small ropt* madt* of two strands loost'ly twisted togt'ther, used for winding 
around ropes, cables, t'tc. 

Marline Spike. — *Soe "Spike.” 

Masonry. — A gt'iieral tt'rm applied to structures math' of stone, brick, or concrete. 

Ashlar Masonry.— Stone masonry composetl of blocks cut to rt'gular sizt', generally 
rectangular, laid in courses of uniform height. 

Brick Masonry. — Masonry coiiqioscd t)f britjk, usually tt'rmetl brickwork. 

Broken-ashlar Masonry. — .\n ashlar masonry in whitrh the ImmI joints art* discontinuous 
at intervals, due to the ust* of smaller blocks of stout* in making up the t;t)urst*. 

Broken-range Masonry. — A range type of masonry in which the ctiui'scs are not 
continuous throughout, dut* to tht*ir b<?ing matle up at inttTvals of smalltT blocks 
of .stont*. 

Concrete Masonry. — Masonry composed of concrete. St?e "ContTcti*.” 

Crandalled Masonry. — Any typt? of masonry in whitdi tht; stones lum; bet'n tln*ased 
with a Crandall. S(m? "Drt'ssing.” 

Cut«stone Masonry. — Any type of masonry composed of cut stone blocks having 
smoothly dressetl beds and joints. 

Doweled Masonry. — Masonry in which tltiwel pins an? ustnl to bind the several 
courses together and thereby prevent sliding. 

Dry Masonry. — Masonry in which the stones art* laid up without mortar. 

First-class Masonry.- -A term ajiplietl to cjuarry-facetl ashlar, laitl in regular hori- 
zontal courst's, having parallt?! bt*ds and vertical jtiints, tif not It'ss than tt*n incht*s 
in thickness nor more than thirty, anti decrf*asing in thickness regularly from tho 
bottom to the ttip of the wall. For complete spt'cifif^at ions, sec " Bak(?r’s Masonry.” 

Granite Masonry. — Masonry ct)mpost*d of granite blocks. 

Green Masonry. — Masonry freshly laid, in which the mortar has not attained its full 
strength. 

Random Masonry. — Masonry composed of blocks having squared joints, but of 
varying size and not laid in courses. 
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Masonry. 

Range Masonry. — ^Masonry composed of blocks having squared joints and which 
arc laid in courses varying in thickness. 

Rubble Masonry. — Masonry coinposcHl of unsquared stone. It may be coursed or 
uncoursed rubble. 

Second-class Masonry. — term applied to broken range rubble of superior quality 
liiid with horizontal b(}ds and V(‘rtical joints on the face, with no stone less than 
eight inches thick, well bonded, and leveled as well as can be done without hammer 
dressing. 

Small-ashlar Masonry. — Cuti-stone mjisonry in which the stones are less than one 
foot thick. 

Squared-range Masonry. — Msusoniy composed of squared stones laid in ranges or 
coursers of varying thickn<*ss. 

Squared-stone Masonry. — Masonry composed of stones roughly dre^ssed and squared 
on beds and joints. Similar to ashlar masonry, but not having as closer joints. 

Third-class Masonry. — A term applied to rubble when of a good, substantial quality 
and laid in ctmient mortar. 

Masonry Joint. — See “Joint.” 

Masonry Pier. — “I’ier.” 

Masonry Plate.— See “ Plate*.” 

Masonry Stone. — See “Stone.” 

Masonry Wall. -See “Wall.” 

Mason’s Hammer. -Set* “ Hammer.” 

Mass. — ^'riit* quantity of mattt*r in a bodJ^ It. is measured by the ratio of its weight 
to the ace(*l(*ration due to gravity. 

Center of Mass. — Fhat point, at. which the mtiss of a body may be considered as 
cone.(*ntrat(*d without disturbing its c'quilibrium; the cc*nter of gravity or the 
center of iu(*rtia of a body. 

Mast. — An upright post, of timber or stwl, as the imust of a derrick. 

Derrick Mast. — The upright in(*mbc*r of a den*ick, at the* bottom of which the 
boom is attaeh(*d and which is pivot(*d so tus to allow the boom to swing either 
w’ay. 

Mastic. —A well-agitat(*d mixture of several different small-griiined constituents, one 
of which h:us a eeiiH'iiting or binding powder. 

Asphaltic Mastic. .V mastic eomiKised of refin(*d asT)halt and other constituents, 
m(*lted togeth(*r at a t(*mp<»rature betwc*(*n 275° and KK)® F., and thoroughly agitatinl 
by suitabh* apjiliances until the materials ai*e comph'tely blend(*d into a homo- 
geiu'ous mass; soni(*times refemxl to as Asphaltic Om(*nt. 

Mast Pin. — See “Pin.” 

Mast Seat. — ^The easting at. the foot of a mast on which it rests and turns. 

Mat . — Same as “Mattress,” q.v. 

Matching. — A fitting tog(*ther of two or more parts. 

Match Joint. — Sairu* as “Tongue? and Gnxm* Joint.” See “Joint.” 

Match-marking. — A system of marking the* parts or membei’s of a structure, so that 
they always may be* e?onneeted up in exactly the same onleT and manner. 

Material. — Any substance? e*nte*ring into the construction of a brielge. 

Matrix. — A te*rm use*el in conne*e'tion with concrete to denote the ceme?ntlng material 
which fills the? ve)iels of the aggi'egate. 

Mattock. — A form of pick with broeid cutt.ing eelge\s for digging. 

Mattress. — A combination of willow pole's and wire rope wove*n together, forming 
a mat which is placenl on the bed or the bank of a stre'am to pi*event scouring. 

Mat Work.-S(*e “Work.” 

Maul. — X type of large hammer or mallet having both ends flat for beating. 

Housing Maul. — ^An iron maul heavier than a calking mallet. 
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Maul. 

Knot Maul. — A wooclon maul having a conical head made from a knot or other 
tough piece of timber. 

Pin Maul. — A bridge erector's maul, having one end pointed with a long taper for 
ent(*ring rivet holes and the other end flat for hammi^ring. 

Spike Maul, or Track Maul. — A maul having one end long and tapering, used for 
driving railroad spikes. 

Maximum Stress. — See “Stress." 

Mayari Steel. — See page ()8. 

Meager Lime. — S(»e “Lime." 

Meander Line. -See “Line." 

Mechanical Curve. — Same jis a “Transcendental Curve." See “Curve." 

Mechanics. — TIwj scien<!c of force and its effect upon matter. While the wonl was 
originally used to mt‘an th(‘ thc'ory of mac;hines, it hiis, by extension, come to denote 
the doctrine of force and the n*sulting motions or tendencif's to motion of particles 
and systems of jiarticles. As such, it is the fundamental one of all the physical 
science's. 

Mechanism. — The struct un» of a machim', engine, or other contrivance for controlling 
or utilizing natural forces. 

Medium Steel. — See “Steel." 

Megohm. — An electrical unit of resistance equal to one million ohms. See “Ohm." 

Mclan Arch. — S(‘e “Arch." 

Melt. — ^To fuse or liquify bj’ applying heat. A term cmploye<l by blast-furnace men to 
denote' the metal fuse'd, or the charge or heat, lus it. is sometimes calk'd. 

Dead Melt. — In the* fusion of mc'tals, a condition of be'ing fully or completely meltc'd, 
and in which no gas is being evolved. 

Melting-point. — ^The temperature at which a metal passes from the solid to the liquid 
state. 

Melt-numbers. — The number given a heat or charge and carried by tluj product through- 
out the proc('sses of rolling and fabrication. 

Member. — A component part of a bridge or other stniciure, complete in itself. 

Adjustable Member. — A member of a bridge, the length of which can be increasi'd 
or diminished at will. 

Main Member, or Primary Member. — principal part of a truss or floor system — 
generally restricted to tnissc's. 

Redundant Member. -A superfluous member. Its use is avoided as much as possible 
in the most approv«»d American bridged-engineering practice. 

Secondary Member. — A subordinate part of a bridge, jis a lateral. Gcnc'rally refers 
to the suspenders and sub-<liagonals of trusses. 

Secondary Truss-Member. — A subsidiary nn'mber used to support a main member, 
or to transf(T a loiwl from a mid-panel fK)int to a panel point or panel points. 

Tension Member. -A membcT of a structure* subjected to tension only. 

Truss Member.— Same an “Truss Element." Swj “Element." 

Web Members. — The x)arts or sc'ctions forming the w^eb of a truss. Sec “ W(jb." 

Merchants’ Bar.— Se'e “Bar." 

Meridian Section. — See “Section." 

Mesh. — ^An open spacic' between tlic? wircjs of a sewen or sieve. Sometimes used to denotes 
the netting composcnl of wires. Also usexi to denote the engaging of one gear with 
another. 

Metacenter. — ^l''he jjoint of intersection of a vertical linn through the center of buoyancy 
and a line of symmetry through the centc'r of gravity of a floating body. 

Metal. — As used in hridgework, this term nic>ans stcud, unless speciflcally stated otherwise. 

Babbitt Metal. — An alloy of tin with copper and antimony, used for lining bearings 
and making bushings. 



GLOSSARY OF TERMS 


2019 


Metal. 

Calking Metal. — soft lead-rust mixture put in calking grooves. Sometimes Portland 
cement is used for such purpose. 

Fatigue of Metals. — ^The doctrine which staters that repetitions or reversals of stress, 
when excessive, cause a detcTioration of the metal. Strictly speaking, it does not 
apply at all to bridgework. 

Gun Metal. — Same as Bronze,” q.v. 

Pin Metal. — ^l^he metal called for in the specifications, from which pins may be made. 

Pot Metal. — A poor grade of cast inm. 

Sterro Metal. — ^A brass containing from 1.77% to 4% of iron. 

White Metal. — An alloy similar to Babbitt metal, but containing more antimony 
and copper. 

Metal Lath.— See “Lath.” 

Metal Lathe. — Scmj “Lathe.” 

MetalUc Tape.— Sc^e “I'ape.” 

Metal Saw. — Sec “Saw.” 

Meteoric Iron. — Schj “Iron.” 

Meter. — A unit of length in the metric system which equals 39.37 inches in the English 
and American systems. An apparatus for measuring quantities. 

Current Meter. — An apparatus for measuring th(i velocities of flow in streams. 

Water Meter. -An apparatus for measuring the quantity of water flowing in a pipe. 

Metope. — A square slab, decorated or plain, iiiserte'd in the ope^ning between ad- 
joining ceiling beams. 

Metric System. — A syste^m of units of weights and measure's ele'pending upon the meter. 
It is the^ standard in (yontinc'ntal Kuro|)e aiiel in Latin Ame'rie;a, and ought to be; 
aelopte*el thniughenit the entire' world. 

Metric Ton. -vSe'e; “Ton.” 

Micrometer. — An instrument for the precise measuremient of small le'ngths and angles. 
The usual fe)riii consists of a scre'w with a very fine thre'ad and a large graduated 
head. 

Touch Micrometer. — A micrometer in which the; final adjustment is de'tennined by 
the sense of fee'ling. 

Micrometer Calipers. — Se'c “Calipers.” 

Micrometer Gauge. — Same as a “Micrometer Calipers.” See “Calipers’.” 

Micrometer-measurement. — A precise deti'rmination of the diameter of a test piece 
by a micrometer-screw. 

Micrometer Screw. — Same as “Micrometer,” q.v. 

Middle-third. — A term in mjisonry construction useil in connection with the line of 
prejisure to denote a condition whic;h must obtain in onh'r to prevent tension 
at a joint of the structure; that is, the line of pri'ssure must pass within the middle 
third of the section. 

Mid-span. — The centre of a span. 

Mikado Locomotive. — Sec “Locomotive.” 

Mild Steel.— 8ei; “Steel.” 

Mill. — A machine for rolling plates, shapes, rails, etc. The plant where steel shapes 
etc., are rolled. To remove metal by a circular tool having teeth as in a milling 
machine. 

Boring Mill. — ^A large machine tool having a horizontal revolving table to which 
the object to be trimmed is fastened, and in which the cutting tool, except for 
feed adjustment, remains fixed in position while the object revolves. Used for 
turning largo castings and boring large holes. 

Cement Mill. — A factory where cement is manufactured. 

Universal Mill. — A four-roll mill for rolling plates on both edges as well as on the 
faces. 
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Milled Lead. — Same as “Sheet Lead.” Sec “Tjead.” 

Milling. — ^Tho procc^ss of removing metal with a circular cutter in a milling machine. 

Milling Machine. — machine consisting of a rotating mandrel carrying a milling 
cutter, and a movable table, operated by a feed screw, to which is bolted the object 
to be milled. 

Mineral Paint. — St^c “Paint.” 

Mirror Iron. — See “ Iron.” 

Miter. — ^To cut at a bevel of forty-five degrees. A bevel of forty-five di^grces. 

Miter Gears. — See “Gears.” 

Miter Joint. — See “Joint.” 

Mixer. — A machine for mixing materials. 

Concrete Batch Mixer. — A type of mixer in w^hich the materials are placed in the 
desired proportions for a definite amount of concrete and then mixed and dischargcHl 
before a fresh supply of materials is entered. 

Concrete Continuous Mixer. — ^A type of mixer in which the materials are loadcnl into 
their respect iv<‘ hoppers and then mechanically discharge^d in small (piantiti('s at 
frequent and regular intervals into a common receptacle for mixing, from which 
the content is continually being forced into the disidiarging spout. 

Modulus. — A number, coefficient, or quantity that measures a force, function, or effect. 

Section Modulus. — See “S('ction Mixlulus.” 

Modulus of Crushing. — See “Crushing.” 

Modulus of Elasticity. — See “Ehisticity.” 

Modulus of Rupture.— See “Rupture.” 

Mogul Locomotive.— -See “Locomotive.” 

Molecule. — 'fhe smallest part into which any substance can be divided without destroy- 
ing its chemical charact(*r. 

Moment. —The tendency of a force* to produce* rotation or of a stress or mass-inertia 
to re'sist rotation. This tendency is me*sisunMl by the product e)f the force into its 
lever arm. 

Bending Moment. — ^I'he moment wdiieffi produce's or te'iuls to produea^ bending in 
a be'am or other me'mber of a stnictim'. It is me'asure*el by tlie* algebraic sum of 
the proelucts of all the forces by the'ir re*sp(^ctive; lever arms. 

Centre of Moments. — The i)oint abeait which a be)ely te'iids tei rotate*. Ofte'ii a point 
arbitrarily chosem for convenieTice in determining the* re'sultant mome*nt of a syste*m 
of forces. 

Horizontal Moment. — A momernt acting in a horizontal plane. 

Negative Moment. — A re*lative term us(*d to de*note* direction of rotation, usually 
takcin counter-clockwise. 

Overturning Moment. — The morne*nt of the external force's tc*nding to ovcTturn 
a structure. 

Positive Moment. — A moment acting in the opposite direction to a negative) mome>nt, 
or acting clockwise. 

Resisting Moment. — The moment which opposes distortion, displaceme'nt, or over- 
turning Sometimes loosely u.sed for moinc'iit of resistance. 

Righting Moment. — ^Thc moment that tc*nds to right a floating body after displace- 
ment. 

Theorem of Three Moments. — A thewem used in coniieetion with continuous girdc'rs 
expressing the relation of the moment at any support to the moments at the pre> 
ceding and following supports in terms of the loading and span lengths. 

Twisting Moment.— -Same as “Torque*,” q.v. 

Virtual Moment. — See “Virtual.” 

Moment-area. — Same as “Area-moment.” See3 “Area.” 

Moment-area Method. — The method for finding deflections in a framed structure by 
use of the moment area curve. 
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Moment Diagram. — See “Diagram.” 

Moment of a Couple. — See “Couple.” 

Moment of Inertia. — See “Inertia.” 

Moment of Resistance. — See “Resistance.” 

Moment of Stability. — Sec “Stability.” 

Moment of Torsion. — See “Torsion.” 

Momentum. — ^Thc quantity of motion in a body, measured by the product of its mass 
into its velocity. 

Monier Arch. — See “Arch.” 

Monier-Construction. — ^A form of reinforced concrete in which wire netting is used 
for reinforcement. 

Monkey. — An early type of pile-driver hammer. 

Monkey Engine. — See “ Engine.” 

Monkey Pile Driver. — S(‘(? “ Pile Driver.” 

Monkey Wrench. — See “Wrench.” 

Mooring. — A fastening; that to which anything is fastened. 

Mortar. — A mixture of cement or lime with sand and water foiming a thick pastCi 
used in masonry work for bedding the stones and filling the joints. 

Blowing of Mortar. — Mortar placed by compressed air forcing it through a pipe 
or nozzle. 

Cement Mortar. — A mortar made from cement. 

Hydraulic Mortar. — Mortar made of hydraulic cement, so that it will set under water. 
Lime Cement Mortar. — A mortar in which lime and cement are uscxl together. Not 
a proper mixture for bridge construction, the only reason for its use being to reduce 
first cost, which it invariably do<»s at the expense of the effc'ctiveness of the con- 
struction. 

Lime Mortar. — A mortar made from lime. Should never be used in bridgework. 
Retempering Mortar. — ^The W(;tting and stirring up of mortar after partial setting. 
A most n'prehensible practice. 

Tempering Mortar. — ^The mixing and working of mortar to secure a uniformly plastic 
condition. 

Mortar-board. — ^A platform on which mortar is mixed. 

Mortar-box. — Sec “Box.” 

Mortise. — ^The slot or hole cut in a timber to receive the tenon. 

Mortised Joint. — Sec “Joint.” 

Motor. — A mjMihine for producing or translating power. 

Electric Motor. — A motor run by an electric current. 

Motor Bridge. — Sec “Bridge.” 

Motorway. — ^Thc passageway on a bridge used by motor cars. 

Mottled Iron.— See “Iron.” 

Mould. — ^A form or model pattern oi a particular shape, used in fixing the shape of a 
plastic mass. Sometimes spelled “Mold.” 

Briquette Mould. — ^A standard form used for making briquettes out of mortar. 
Cement Mould. — A mould used in forming cement mortar for testing purposes. 

Ingot Mould. — A flask in which metal is cast into a large block or ingot. 

Moulded Gear. — Same as “Cast Gear,” q,v. 

Moulding. — ^Thc process of shaping a plastic substance into a givc^n form by the use 
of moulds. Also a decorative member in construction. 

Moulding Planks.— See “Planks.” 

Mountain Locomotive. — See “Locomotive.” 

Mousing. — A string or wire wound around the end of a rope to prevent raveling. 
Movable Bridge. — More correctly speaking, a movable span. See “Span.” 

Movable Cofferdam. — See “Cofferdam.” 

Movable Span. — See “Span.” 
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Moving Load.— See “Load.” 

Muck. — Soft mud containing vegetable matter. 

Muck Bar. — See “Bar.” 

Mucking. — Excavating or working in muck. 

Muck Iron. — See “ Iron.” 

Mud Line. — ^"Fhe line of intersexition of the mud surface with any object. 

Mud Pump. — See “Pump.” 

Mud Sill.— See “Sill.” 

Muffler. — device to prevent the noise of steam or gas when escaping from an exhaust 
pipe. 

Mule Traveler. — See “Traveler.” 

Multicentered Arch. — See “Arch.” 

Multiple Cancellation. — See “Canc(^llation.” 

Multiple Intersection. — Same as “Multiple Cancellation.” See “Cancellation.” 
Multiple Punch. — See “Punch.” 

Multiple System. — A truss system having more than one system and usually more 
than two systems of cancellation. 

Multiple Truss.— See “Truss.” 

Murphy Truss. — See “Truss.” 

Mushet Steel. — A steel produced by the Mushet process of rccarbiirization, which 
consists of adding spiegel or othcT form of mangani'se. 

Mushroom Anchor. — See “Anchor.” 

Mushy. — ^The condition of a casting containing an (excessive number of blow hole» 
rendering it unsound. 


N 

Nail. — ^A slender pi('ce of metal either poinUHl or tapcTing, used for driving through 
w'ood or other material. Nails run in size from 2d (two penny), one inch long, to 
20d (twenty penny), four inches long in (larpenter usage. BridgtMium use; nails 
up to 60d (sixty ptmny), or six inch(»s long, after that they are classed as spikes. 
Calking Nail. — ^A pointed hand-tool used in metal calking. 

Cut Nail. — A nail which is cut from a plate. 

Wire Nail. — A nail made from wire. 

Wrought Nail . — \ nail hammered out from a bar. 

Nail-extractor. — hand-tool for pulling naUs. 

NaU-head Spike.— See “Spike.” 

Nailing-blocks. — Blocks of wood inserted in walls of stone, brick, or concrete for nailing 
boards to. 

Name Plate.— Sec “Plate.” 

Naperian Logarithm. — Sec “Logarithm.” 

Nasmyth’s Steam Hammer. — Sec “Hamme? 

Natural Bar. — See “Bar.” 

Natural Bed.— See “Bed.” 

Natural Cement. — Sec “Cement.” 

Natural Logarithm. — See “ Logarithm.” 

Natural Scale. — See “Scale.” 

Nave. — ^The hub of a wheel. 

Neat. — ^Pure; undiluted; unadulterated. Also sometimes used for net, g.n. 

Neat Briquettes. — Same as “Cemernt ]3riqucttcs,” q.u. 

Neat Cement. — See “Cement.” 

Neat Lime. — See “Lime.” 

Neat Line. — Sec “Line.” 

Neat Work.-^ “Work.” 
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Nedc. — ^That part of a test specimen, subjected to tension, which shows a reduction 
of area of cross-section when the ultimate load is reached. To reduce suddenly 
the sectional area of a piece of metal. To nick. 

Necking-down. — The act of reducing the cross-section of a test specimen by stressing 
it beyond the yield point. 

Neck Journal. — See Journal.” 

Needle. — very small steel rod or bar. 

Cement Needle. — ^A small round rod weighted with a ball, used to determine the 
activity of cement. 

Magnetic Needle. — A thin, small bar of magnetized steel used in a surveyor’s compass 
to determine the magnetic meridian at any place. 

Vlcat Needle. — A small rod, one millimeter in diameter, mounted in a frame and 
bearing a weight of three hundnxl grams; used for testing the activity of cement. 

Needle Beam. — See “Beam.” 

Negative Moment. — See “Moment.” 

Negative Print.— See “Print.” 

Negative Reaction. — Sec “Reaction.” 

Negative Rotation. — S(^e “Rotation.” 

Negative Shear. — So^ “Shear.” 

Nest (of rollers). — ^A group of rolk^rs, enclosed in a suitable frame or box, which support 
a bridge shoe. 

Net. — Clear of anything extraneous. Jjowc'st or smallest. Not subject to any further 
deduction or correwition. Netting. 

Netting. — wire mesh-work used somc^what in reinforced-concretc construction, 
especially for piling. 

Net Section. — See “Section.” 

Neutral Axis. — Sec “Axis.” 

Neutral Curve. — See “Curve.” 

Newel Post. — See “Post.” 

New York Rod. — ^A type of level rod. See “Rod.” 

Nickel Steel.— See “Steel.” 

Nidging or Nigging. — A form of stone dressing. Sc»c “Dressing.” 

Niggerhead. — ^A spool on the end of the axle of a hoisting engine. 

Night Foreman. — See “Foreman.” 

Night Superintendent. — Sec “Superintendent.” 

Nipper. -A block which slidi'a in the; k^ads of a pile driver and carries a pair of hooks 
or tongs for picking up the hammer below it. 

Nipper Pile Driver. — See “ Pile Driver.” 

Nipple. — A short piece of pipe tlm^adcd throughout its entire length. 

Nodule. — A small lump. 

Nog. — Same', iis “Free-nail,” q,v. 

Nominal Horsepower. — Same as “Commercial Horsepower.” Sec “Horsepower.” 

Non-concurrent. — ^Applied to non-parallel forces not having a common point of inter- 
section. 

Non-fusibility. — ^Thc ability to resist fusing. 

Non-volatile Thinner. — See “Thinner.” 

Non-volatile Vehicle.— Sec “Vehicle.” 

Normal Stress.— Sec “Stress.” 

Norway Iron. — See “Iron.” 

Norway Pine. — Sec “Pine.” 

Nose. — A pointed or tapering projection in front of an object., e.g,t the nose of a pier 
that acts as an ice-break. 

Nosing. — ^The end of a pier. Sec “Starling.” The projection on the front edge of a 
step. 
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Notching. — Cutting into a timber so that it will fit over another. Nicking. 

Nozzle or Nozle. — A short pipe or tube with a contracted opening. 

Jet Nozzle. — ^The contracted and perforated portion at the bottom of a jet pipe. 

Niirick Column. — Sec ‘‘Column.” 

Nut. — short prism of metal having a central hole which is threaded to receive a bolt 
or a screw. 

Beam Hanger Nuts. — ^^fhe nuts on the ends of beam hangers, serving to press the 
floor-beam against the feet of the posts or against the chord-heads. 

Check Nut. — An extra nut which is screwed on a bolt tight against the first nut to 
prevent the latter from working loose. 

Driving Nut. — A special, flat-headed, hollow, round nut temporarily screwed on one 
end of a pin to receive the blows of the hammer or ram during the driving of the 
pin home. 

Hexagonal Nut. — A nut having six equal sides in the form of a regular hexagon. 

Jam Nut. -vSaine as “Check Nut,” q.w 

Left-handed Nut. — A nut having a left hand thread. 

Lock Nut. — X nut having some sptHiial provision to prevent turning. 

Lomas Nut. — \ nut having a recess on the bottom which permits it to be screwed 
do\ni on the pin until the edges of the nut bear on the eye-bars packcnl on the 
said pin. 

Pilot Nut. — .V round nut, having one end tapering, which is sen wed on a pin in 
onler that it may be pusluMl through the eyes of the several eye-bars and other 
memlx'rs meeting at a panel point. AftcT the pin is in place, the pilot nut is 
removed, and a Lomas nut is screwed on in its place. 

Pin Nut. — A special flat nut used on truss pins. 

Right-handed Nut. — nut having a right-hand thn*ad. 

Sleeve Nut. — ^A sleeve having a right-hand thn^ad at one end and a left-hand one 
at the othcT. 

Square Nut. — nut having four sides in the form of a squan*. 

Thumb Nut. — .-V nut having a flat i)rojection, or wings, so that it can be turned by 
the thumb and fingiT. 

U-Nut. — A piece of iron or steel in the shape of a letter U, through whi(;h passes 
the threaded end of a rod, and which .afTords a bearing for the nut, with mom to 
screw up the latter. Its use is not permissible in first-class bridge construction. 

Wing Nut . — Same as “Thumb Nut,” q.v. 

Nut-cracker. — A tool for breaking the nuts on rusty bolts. 

Nut Lock.— See “Lock.” 
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Oakum. — ^The coarse part of flax or hemp 8c*paratcd in hackling; also old ropes un- 
twisted and pick(Ml into loose fibnis resembling tow; used for calking the seams 
of vessels and cais.sons. 

ObUque Arch.— See “Arch.” 

Oblique Crossing. — See “Crossing.” 

Ochre. — A term applied to a class of natural earths consisting of mixtures of the 
hydrated sesquioxidc of iron with various earthy matcTials, principally silica and 
alumina. Many of these earths are used for pigments in paints. 

Red Ochre. — A variety of ochre having a red color, used for paint. 

Yellow Ochre. — A variety of ochre having a yellow color, used for paint. 

Octagon. — A regular eight-sided polygon. 

Odometer. — An instrument for measuring distance by running a wheel over the course. 
The circumference of the wheel is accurately determined and a counting device 
attached so as to register the number of revolutions. 
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Offset. — short line run at right angles to a principal, or base, line. To move over 
from a base line to an auxiliary line called an offset line. 

Ogee Curve. — See “Curve.” 

Ogee Washer. — See “Washer.” 

Ohm. — ^The unit of electrical resistance; approximately the resistance of one thousand 
feet of No. 10 B. & S. copper wire. 

Oil Bearing. — See “Bearing.” 

Oil Boxes.— See “Boxes.” 

Oil Can. — A can having a long tapering spout, used for pouring oil into bearings. 

Oil Groove. — Sec “Groove.” 

Oil Hardening. — ^Thc process of quenching red-hot steel in oil in onler to harden it. 

OU-hole. — ^A hole drillcHl in the cap of a bearing for pouring oil through. 

Oil-stone. — ^A slab of fine-graiiKKl stone used for sharpening tools by rubbing them on 
its oiled surface. 

Oil Tempering. — Sec “Tempering.” 

Old English Bond.— See “Bond.” 

Old-man. — ^An iron frame; bent into the form of a U having hooks on the e^nds so that 
it can be hung to a bar, a rail, or the flange of a girder and used to form a bearing 
for a ratchet drill or reamer. 

One Hinged Arch. — See “Arch.” 

One-man Stone. — A rough classification for stone of a size that can be readily lifted 
and put into place by one man. Used to rrduc!e the (;ost of concrelx*. 

Oolitic Limestone. — See “Limestone.” 

Opacity. — ^Tlw; degree; of obstruction to the transmission of visible rays. XTsed in con- 
iKHition with paint. 

Open Caisson. -See “Caisson.” 

Open Crib.— Sec; “Crib.” 

Open-dredging. — A process of sinking piers by excavating w’ith a dredge through an 
open crib. 

Open-end Wrench- — See “Wrench.” 

Open Hearth. — ^The hearth of a metallurgical furnace which is exposed to the direct 
action of the flame. 

Open-hearth Furnace. — See “Furnace.” 

Open-hearth Process. — A process for the production of stc'el by the oxidation and 
removal of the impurities (;ontain('d in a bath of metallic inni lying on the hearth 
of a regenerative furnace. 

Acid Open-hearth Process. — ^That process of producing steel from pig and scrap 
iron, in whi(;h the first step is to r(;iiiov(; most of the silicon, mangaiK'sts and carbon 
from the molten mass. Just before tapping, spiegtdeisen or an ai'tificial ferro- 
manganese is addl'd to the charge in order to destroy tlu; oxide slag and priwent 
red shortness. The furnace is lined with a siliirious material. 

Basic Open-hearth Process. — 'Fhat process of producing steel from pig and scrap 
iron, in which the; first step is to remove tin* phosphorus and some* of the sulphur 
as wi'll as the silicon, manganese, and carbon. This is accomplished by* charging 
the furnace with calcined lime, wdiich unite's with the excx'ss phosphorus and holds 
it in the slag. The rest of the process is similar to the acid open-hearth process. 
I'o prevent the slag from attacking the lining, the furnace' is covered wdth dolomitic 
limi'stone. Such furnaces arc termed basic lined, and the process has become 
known as the basic open-he.arth process because of this lining. 

Open-hearth Steel. — See “Steel.” 

Open Holes. — ^Rivet holes in members and connections left open during fabrication 
to enable the erector to connect the parts in the field, after which field rivets arc 
driven into them. 

Open Joint.— See “Joint.” 
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Open Web.— Sco “Web.” 

Open-webbed Girder. — Same as “Latticed Girder.” See “Ginlcr.” 

Operating House. — bridge-tender's house from which the operation of the draw- 
span is controlled. 

Operation Cost. — S('e “Cost.” 

Orange-peel Bucket. — See “ Bucket.” 

Orange-peel Dredge. — See “Drwlgc.” 

Order Bill. — A form of bill used in ordering material from the manufacturers. 
Ordinate. — Om* of the coordinates in a system of rectangular coordinates defining the 
position of a point. 

Ore Bridge. — ^A gantry crane used for handling ore at a blast furnace. See “Crane.” 
Origin of Coordinates. — Sec “Coordinates.” 

Ornamental Work. — See “Work.” 

Ornamentation. — A general term for the entire ornamental work on a structure. 
Oscillation. — A vibratory movt'incmt of any body of appreciable size. 

Outer Guard-rail. — See “Guard-rail.” 

Outer Hip.— Sec “Hip.” 

Outhaul. — A method usc'd by ('rectors for assembling a member which is beyond the 
reach of thc^ boom of the derrick. It consists in placing a pulley block ahead of the 
membcT beyond the* (h'lrick and doubling back the lead line to the hoisting engine. 
Outline. — ^Tho cxt('rior line defining the shape of a body. 

Out of Gear. — A condition in a system of mechanism wh(‘n the driving gear does not 
mesh with the driven gear and, in consequence, no motion is transferred. 

Out of Square. — ^Askew, obliciue. 

Out of Wind. — Frw from twist; not warped. 

Output. — ^'rhe production of a mill, plant, or company for a ecTtain period. 

Outrigger. — A beam or joist projecting from a structure, used to support a load at its 
end. 

Outrigger Hoist. — See “Hoist.” 

Outside Calipers. — See “Calipers.” 

Outside Lock Tender. — Sec “Tender.” 

Outside Stringers. — S(;e “Stringer.” 

Oval. — A clos(?d curv(', everywhere convex, without nod(*s or cusps and having sharpcT 
curvature at one end tiian at the othcT. 

Overblown. — A term applied to Bessemer steel which has b(u»n })lown too long and is 
overoxidized and hc'iicc; inclined to be wild. 

Overhang Knot. — Sec “Knot.” 

Overhaul.— The excess haul or movc?ment of earth or rock b(*yond a Hpc'cificd distance 
named in the contract. To examine thoroughly with a view to repairs. To take 
up slack in a rope by pulling thereon. 

Overhead Balanced Crane. — See “Crane.” 

Overhead Bracing. — Sec “ Bracing.” 

Overhead Crane. — See “Crane.” 

Overhead Crossing. — Sec “Cro.ssing.” 

Overhead Girder. — See “Girder.” 

Overhead Strut. — See “Strut.” 

Overheat. — ^To heat metal to a temperature near the medting point, causing it to become 
coarse grained and mincing the cohesion betwexm the particles. 

Overlap. — ^To extend over and rest upon; to fold over. 

Overlapping Joint. — See “Joint.” 

Overload. — See “Load.” 

Overmelt. — ^I'o keep steel too long in a state of fusion. 

Overtime. — ^Tho excess time over the regular schcidulc of hours which a workmah labors. 
Overturning Moment. — See “Moment.” 
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Ovolo. — projecting convex moulding of a quarter of a circle in section. 
Oxide of Iron. — Same as “Iron Oxide,” Also see “Ochre.” 


P 

Pacific Type Ix>comotive. — See “Locomotive.” 

Pack. — ^To arrange eye-bars on a truss pin. To insert some pliable or clastic material 
in a stuffing box around a moving rod so as to produce a water-tight, air-tight, or 
steam-tight connection. 

Packing. — ^The arrangement of the component parts of a member. The material used 
in packing a piston rcnl, etc. The arrangement of bars and other members on a pin. 

Asbestos Packing. — Packing made from asbestos fibre and put up in the form of 
wicking. 

Candle-wick Packing. — A packing made of cotton fibres and put up in the form of a 
loosely-woven coni. 

Chord Packing. — ^I'he arrangement of all the membc'rs of a pin-connected chord. 

Hemp Packing.— -Packing made of hc^mp fibres and put up in the form of a soft, 
loosely-woven rope. 

Journal Packing. — ^Waste, cotton, or other fibrous material saturated with oil or 
grease and placuxl in a journal box to lubricate the axle. 

Jute Packing. — Packing nuule of jute fibres and put up in the form of a soft, loosely- 
woven rope. 

Rubber Packing. — Packing made of rubber, usually with cloth backing or insertions. 
Put up ill sh('(^t form or in fl<»xible bars. 

Sheet Packing.— rAny jiacking put up in the form of thin layers. 

String Packing. — Any packing put up in the form of cords. 

Stringer Packing. — ^"i'he arrangement of stringers under a track on a trestle. 

Wick Packing. — Any packing put up in the form of wicks. 

Packing-block. — A small member, generally of wood, used to n*taiii the parts of a com- 
posite member in tlii'ir proper relative positions. 

Packing Bolt. — St*e “Bolt.” 

Packing Box. — Same as “Stuffing Box.” Sin? “Box.” 

Packing Diagram. — See “Diagram.” 

Packing-pieces. — Short pieces, inserted betwiM»n two others whi(;h arc riveted or bolted 
together, to pnwent their coming in contact with i*ach other. 

Packing Ring. — Sec “Ring.” 

Packing Spool. — Same as “Separator,” q,v. 

Packing Washer. — Sw? “Washer.” 

Piegfie Hammer. -Same as “Peen Hammer.” Sec “Hammer.” 

Paint. — A mixture of pigment with a vehicle intended to be spread in thin coats on a 
surface for its pnitection, or its d(*coration, or both. 

Graphite Paint. — A paint in which graphite is used for thc^ pigment. 

Mineral Paint. — Any paint in which a mineral pigment is used. 

Water-proof Paint. — Any paint not soluble in water. 

Paint-brush. — ^Any brush used for applying paint. 

Painter’s-torch. — ^A torch burning gasoline or gas under pressure produced by forcing 
air into the n^Tvoir. Used for burning oiT old paint. 

Paint-skins. — ^The n'sidue in paint formed by the evaiioration of the oil. Used for 
filling small voids in metalwork before applying the paint. 

Pale Brick.— See “Brick.” 

Pall. — ^A dog in a ratchet for preventing backward motion. 

Pallet. — A board on which green bricks arc carried to the drying place. A cast-iron 
tool with chilled faces; used in forging. Also same as “Pall,” q.v. 

Palmer Truss.— See “Truss.” 
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Pane Hammer. — Same as '*Pecn Hammer.” See ” Hammer.” 

Panel. — ^That poriioti of a truss between adjacent panel-points lying in the same chord. 

Subdivided Panel. — A panel divided by a sub-diagonal or hanger. 

Tower Panel. — ^Thc longitudinal space or bay in a trestle or viaduct occupied by 
the tower. 

Panel Length.— Sec '‘Length.” 

Panel Load. — Same as “Apex Loa^l.” See “Load.” 

Panel-point. — ^Thc point at which the axis of a principal web member intersects the 
axis of a chord of a truss. 

Pannikins. — Small pans or cups. 

Pantograph. — ^An instrument for the mechanical copying of engravings, diagrams, plans, 
etc., either to an enlarged or to a reduced scale. It consists essentially of four 
sticks pivoted so as to form a parallelogram with a fixed pivot at one end of 
the group, a tracing point at the other end, and a pencil at the intermediate 
apex. 

Paper. — A material composed of vegetable fibres made into thin sheets, used to write 
or draw on, etc. 

Asbestos Paper. — A paper made from asbestos fibre. 

Blue Print Paper. — A paper coated on one side with a preparation of potassium 
ferrocyanide which is sensitive? to light. It is uschI for copying maps, plans, e!tc. 

Calculation Paper. — A paper with quadrille ruling used by computers, because of its 
convenience in drawing sketches end in arranging computations in a tabular 
form. 

Cold-pressed Paper. — A drawing paper that has been pressed only on the felts, 
leaving it with a rough surface. 

Coordinate Paper. — PapcT ruled into small squares with every tenth line accentuated, 
for convenience in counting or in tracing a line. 

Cross-section Paper. — A standard quadrille-ruliKl paper in which the principal squares 
are one inch on a side and the secondary squares arc onc-temth of an inch on the 
side. 

Detail Paper. — A tough paper used for pencil drawings. 

Egg-shell Paper. — A heavy drawing paper having a finish on one side resembling 
the surface of an egg-shell. 

Hot-pressed Paper. — A variety of drawing paper polished by pressure between 
heated plates. 

Profile Paper. — A standard, double-ruled paper in which the scale in one direction 
is a multiple, usually five, of the scale in the other. 

Tarred Paper. — A paper saturated or coated with tar. 

Tracing Paper. — A thin, tough, translucent paper used for tracing drawings. 

Whatman’s Paper. — A trade name for a well-known brand of drawing paper manu- 
factured by the Whatman Turkey Mills. 

Parabola. — A plane curve such that the distance of every point in it from a fixed point, 
called the focus, is equal to the distance of the same point from a fixed straight 
line, called the directrix. Also the curve formed by the int(?rscction of a secant 
plane with a cone when parallel to an element of the said cone. Also defined by 
the equation ^ = 2 p x. 

Parabolic Chord. — Sec “ Chord.” 

Parabolic Formula. — Any formula having the form of ^ = 2 p x. 

Parabolic Truss. — Sec “Truss.” 

Parafllne. — A whitish, waxy substance obtained by the dry distillation of wood, peat, 
bituminous coal, wax, crude petroleum, etc. A saturated hydrocarbon derived 
from methane. 

Parallel. — A condition of being everywhere equidistant, not intersecting. Applied to 
lines and planes. 
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Parallelogram. — four-sided geometrical figure having the opposite sides parallel and 
equal. 

Parallelogram of Forces. — A name given to a method of determining the resultant of 
two forces, acting in the same plane, by constructing a parallelogram having sides 
equal and parallel respectively to the forces; whereupon, the diagonal of the paral- 
lelogram will n;present in magnitude and direction their resultant. 

ParaUelopiped. — ^A prism having parallelograms for bases. 

Parallel-ruler. — ^A draftsman’s instrument for drawing parallel lines, consisting of two 
similar rulers connected by ('qual, parallel links pivoted at their ends, enabling the 
edges of the rulers to be spread apart a varying distance. 

Parapet or Parapet Wall. — A low wall or barrier placed on top of an abutment to hold 
back the earth from encroaching on the end of the span. 

Parcel. — ^To wrap canvass or rags around a rope. 

Parker Cement. — See '‘Cement.” 

Parker Truss. — Sec “'rruss.” 

Partial Splice.— See "Splice.” 

Parting Pulley. — Same as a "Split Pulley.” See "Pulley.” 

Party of the First Part. — A k^gal term for dcMsignating one of the parties executing a 
contract, usually th(* purchaser. 

Party of the Second Part.-- -A legal term for designating one of the parti('3 executing a 
contract, usually tin* s(*11(t. 

Passenger Locomotive. — See " Locomotive.” 

Passometer. — An instrument for registering the number of steps taken by a pedestrian. 
Called also a ‘^pedometer.” 

Paste Lime. — See "Lime.” 

Pat. — A small, flat cake of cement mortar with the edges thinned out; used in cement 
testing to determine its soundness or freidom from cracking. 

Patent Hammer. — Sc?o "Hammer.” 

Patent Hammer Dressing. — See "Dressing.” 

Patten. — biise of a column or pillar. The s^)l(^ for the foundation of a 
wall. 

Pattern. — A model mside of wood to duplicate the desiml obj(H!t. It is used to form 
the cavity in a mould into which the molten metal is afterward poured. 

Pattern Shop. — See "Shop.” 

Pavement.— A surface covering for a romlway. 

Paving. — R(»gularly phiced stone, brick, or wood blocks forming a floor. 

Paving Brick. — See " Brick.” 

Pawl. — A short bar pivoted at one end and engaging a toothed wheel at the other, 
thereby preventing a backward rotation. Also spelled "Pall,” g.w. 

Pay. — ^To cover a surface with tar or pitch, etc. 

Pay-out. — To slacken or let out rope. 

Peak. — X projecting point; a cusp in a curve. 

Pean Hammer. — See "Hammer.” 

Pean Hammer Dressing. — "Dressing.” 

Peavey. — A form of cant-hook with a spike in the end of the handle next to the hook; 
used by timber men. 

Pecky Tie. — See "Tie.” 

Pedestal. — A footing for a tower post. A bridge shoe, q.v. 

Pedestal Block. — Same as "Base Casting.” Set? "Casting.” 

Pedestal Cap.— See "Cap.” 

Pedestal Pier. — See "Pier.” 

Pedestal Pile.— See "Pile.” 

Pedestal Strut. — See "Strut.” 

Pedestrian-way. — ^That part of a bridge floor set aside for pedestrians. A footwalk. 
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Pediment. — ^The triangular space in the face of a wall that is included between the two 
sloping sides of the roof and a line joining the eaves. 

Pedometer. — An instrument for numbering the paccis of a person walking and thereby per- 
mitting an estimate to be made of the distance covered. Called also a ** Passometer.” 

Peen. — A form of hammer heatl or similar tool which terminates in some special shape, 
other than the oniinary flat face; such as an c^ge shape or rounded, or a cone^ 
shaped, lu'inispherical, or otherwise modified point. To treat by striking regu- 
larly all over with the peen of a hammer. Also spelled “Pane,” “Pean,” “Pa5anc,” 
“Pein ” and “ Pene.” 

Peen Hammer. — See “ Hammer.” 

Peg. — A term sometimes us('d for a surveyor's stake. A small stick driven flush or 
nearly flush with the ground, to hold the rod upon when levelling. To fasten any- 
thing to the ground with pegs. 

Pegram Truss. — See “'fruss.” 

Pein Hammer. — Same as “ Peen Hammer.” Sen? “Hammer.” 

Pendulum. — Anything that hangs down fnim a point of attachment and is free to swing. 

Pendulum PUe Driver. — See “Pile Driver.” 

Pendulum Saw.— S(Hi “Saw.” 

Pene. — Same as “Peen,” 

Pene Hammer. — Same as “Peen Hammer.” See “Hammer.” 

Penetration. — ^A term used in connection with pilc»s to denote the depth to which a 
pile has been driven in the soil. Also used in connect ion with the testing of asphalts 
and a.sphaltic fluxes to determine viscosity. It is expresscnl in hundredths of a 
centimeter to which a standard needle penetrates the material. 

Pennsylvania Truss. — Sc'e “Truss.” 

Per Cent of Heart. — S(»e “Heart.” 

Perch. — A stone mason’s unit of quantity var>dng in value from 10)^ cr.bic feet to 
24^ cubic f(‘c»t, depjmding upon local ussige. The use of this unit should be dis- 
couraged as far as pos.sibl(‘, as its indefiniteness leads to uncertainty and confusion. 

Percolation. — ^The process of straining or filtering a substance. The psissing of watiT 
or other fluid through the pores of a solul. 

Percussion. — The act of striking one body against another; thcshock produces! by collision. 

Centre of Percussion. — ^I'hat jioint of a suspenderl body such that if a blow hv, struck 
thereon no n'action will b(! dcvelojMxl at the point of suspe^nsion. This point is 
identical with the centre of oscillation and is located at such a distance from the 
point of suspension that if the whole mass of the body were concentrated there, 
the time of oscillation would n*main unchanged. 

Percussion Cap. — See “Cap.” 

Percussion Drill. — See “Drill.” 

Percussion Fuse. — See “Fuse.” 

Perimeter. — ^The outer boundary of a figure. 

Periodic Curve.— Schj “Curve.” 

Periodic Deposit. — A payment made at regular intervals to a sinking fund. 

Period of Vibration. — See “ Vibration.” 

Periphery. — ^The boundary line of a closed figure, same as “Perimeter,” q.v» 

Periphery Lines. — Sec “Line.” 

Permanent Set. — Same as “Hanl S(!t.” Sc*e “Sf»t.” 

Permeability. — ^The c]uality or condition of being pennc^ablc, or capable of being traversed 
by liquids or gases. 

Perspective. — ^The art of representing solid objects on a flat surface so that, when they 
are viewed, the eye is affected in the same manner as it would be by viewing the 
objects thf^msedvra from a given point. 

Centre of Perspective.^The point which is collineur with every pair of correspond- 
ing points of two figures in ijcrspective. 
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Perspective Drawing.-- See “Drawing.” 

Pestie. — rounded, peaiHshapcd tool with a handle, used for the grinding and pulver- 
izing of materials in a mortar. 

Pet Cock.— Sec “Cock.” 

Petit Truss.— See “Truss.” 

Philadelphia Rod.— See “Rod.” 

Phoenix Column. — See “Column.” 

Phosphor-bronze. — ^An alloy of copper and tin containing from one-half to one per cent 
of phosphorus. It makes hard castings and has an ultimate tensile strength 
varying from 50,000 to 100,000 pounds per square inch. 

Phosphorus. — A chemical elemcmt having a strong affinity for oxygen, encountered as 
an impurity in iron ores. Its prestmee causes cold shortness in steel. 

Pick. — ^A hand-tool for excavating hard soils, consisting of a hc'avy curvcxl bar, having 
one end pointed and the other wedgoshapt'd, and having a hole in the enlarged 
central |)ortion for the insertion of a handle. 

Pick Axe.— Sec “Axe.” 

Picked Dressing. — A type of stone dressing. See “Dressing.” 

Pickling. — ^The trc'atmcmt of iron or steel with dilute acids for the purpose of obtaining 
a clean surface by removing thu s(!al(i (oxide). 

Pick-pole. — A small pik(? pole without the hook. 

Pick-up Bar. — See “Bar.” 

Picture Drawing. — See “ Drawing.” 

Pier. — A stnioture, usually composed of masonry, which is used to transmit the loads 
from a bridge* superstructure to the foundation. 

Anchor Pier. — A pier used in contilevex bridgtis to rc*sist the uplift at the end of the 
anchor arm. 

Battered Pier. — A pier having its sides slightly inclined to the vertical, giving a larger 
section at the basci than at the top. 

Brick Pier. — Any pier made of bricks. 

Buried Pier. — A small secondary picT built a short distance from the main shore 
pier and e:jrrying the (*nd of an approach span. It takers the place of an abutment 
and is more economical, as it has no wing-walls and do(vs not have to resist the 
lateral pressures of the earth, because the canbankment spills around it on all sides. 

Concrete Pier. — A picT made of concrete. 

Cylinder Pier. — A pier nuuh; of a cylindrical steel shcdl filUnl with concrete. 

Dumb-bell Pier. — ^A pier composed of two cylindrical piers connj^cted by a solid 
web. 

Floating Pier. — ^A term applied to a picT sunk to a great d('pth in a soft, yielding, 
or s(*mi-fluid soil and depending for stability on the principle of flotation. 

Masonry Pier. — ^A pi(T constructed of stone mjusonry. 

Pedestal Pier. — A combination of two pedestals on a common base, but having 
scp**irate tops. 

Pile Pier. — ^A pier formed by driving a cluster of piles and capping th(*m with heavy 
timbers in the form of a grillage to carry the shoe^ of the span. 

Pivot Pier. — ^The pier supporting a swing span and upon which it turns. 

Pneumatic Pier. — ^A pier sunk by the pneumatic proc(*ss. 

Rest Pier. — ^A pier which supports one of the ends of a draw span. 

Submerged Pier. — A pier entirely below the water line. 

Timber Pier. — ^A pier constructed of timbers, usually in conjunction with piles. 

Piercing. — ^Producing a hole in a body by forcing a pointed instrument through it, the 
displaced material being forced into the body. Distinct from punching. 

Pier Footing.— See “Footing.” 

Pierre-perdue. — ^Lost stone. Rough stones thrown into the water and left to find their 
own slope. Used for pier and wharf protection. 
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Pig. — ^The name given to cast iron which is drawn direct from the blast furnace and 
run, for convenience of later handling and transporting, into shapes known 
as pigs. 

Basic Pig. — Pig iron used in making basic open-hearth steel in which the silicon 
content is limited to one per cent and the sulphur to one-half of one per cent. 

Bessemer Pig. — Pig iron used in making Bi^ssemer steel or acid opcm-hcarth steel, 
in which thc^ silicon contemt ranges from one per cent to two per cent; phosphorus 
not over one-tc»nth of one per cent; and sulphur not over one-half of one per cent. 

Cinder Pig. — A pig iron made from smelting top cinder or bulldog with ores. 

Forge Pig. — ^An inferior grade of iron used for puddling and for some classes of foundry 
work. 

Foundry Pig. — ^Pig iron used in foundry castings. 

Malleable Pig. — Pig iron used for making malleable castings. 

Pig Iron. — Same as “Pig,” q.v. 

Pigment. — ^The tine, solid particles used in the preparation of paint, and substantially 
insoluble in the vehicle. 

Pig-washing. — A procc'ss of refining or removing much of the phosphorus and silicon, 
in which the molten pig iron is treatcxl with fused oxides of iron (an<l in some easels 
is mixed with oxides of mangan(‘S(0 in a reverberatory furnace*. 

Pike-pole. — A long, slender hand-pole with a steel point and hook at one end, used 
for handling timber. 

Pilaster. — A thin, flat projection from the face of a wall msulc to resemble a column, 
for ornamental purposes. 

Pile. — A long, heavy post or pole of timber, concrete, or stc*el driv(*n into the ground 
to compact the soil, to shut out water, to carry a vertical load, or to resist a hori- 
zontal force. 

Anchor Pile. — A pile used for the attachment of lines for anchorage purpos(*s. 

Batter Pile or Battered Pile. — A pile driven at an inclination to the vertical. 

Bearing Pile. — Any pile canydng a vertical losid. 

Built Pile. — ^A pile made up of scweral parts. 

Cement Pile. — Same as “Concrete Pile,” q.v. 

Charred Pile. — ^A woodem pile having its lower end charred in order to preserve it. 

Chenoweth Pile. — A rolled concrete pile designed by a Mr. CJhenoweth. 

Club-footed Pile. — Same as “Pedestal Pile,” q.v. 

Closing Pile. — ^The last pile driven for closing a gap. 

Columnar Pile. — ^A pile in which the bc*aring capacity, due to its point striking a 
hard stratum, depends chi(*fly on its action as a column. 

Concrete Pile. — A pile m:ide of concrete. 

Corrugated Pile. — A precast, tapered, concrete pile with semi-cylindrical flutes run- 
ning lengthwi.se, having reinforcing rods, and a two-inch hole in the cc*ntre for a jet. 

Cushing Pile. — A square timber pile driven in a group in whir^h all the pil(*s are pnic- 
tically in contact. This method of pile foundation is now obsol(*te. 

Disk Pile. — A sto(*l pile with a disk at tin; bottom for increasing the bearing area. 
It is iLsed in soft sandy soils and recpiires the employment of a water-jf;t in sinking. 

Falsework Pile. — A pile driven temporarily as a part of the fals(;work used during 
the erection of a span. 

Fender Pile. — ^A pile which is driven at wharfs, or in front of largo masonry struc- 
tures or other important works, to protect them from sudden blows by vessels. 

Filling Pile.— A form of concrete pik; made by first forming a hole in the ground 
with a mandrel and, after withdrawing it, filling the hole with concrete. 

Foundation Pile. — ^A pile used permanently in the foundation of a pier. 

Gauge Pile. — Ordinary piles, driven at intervals of about ten feet, to which are 
attached wales or runners against whieh are driven the sheet piles for a cofferdam. 

Gilbreth Pile. — ^A corrugated reinforced concrete pile designed by a Mr. Gilbreth. 
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PUe. 

Guide Pile. — pile driven near a caisson to act as a guide during sinking. 

Hollow Pile. — A shell driven into the ground to receive concrete. 

Jetted Pile. — ^Any pile that has been sunk by means of a jet. 

Key Pile. — ^The principal pile in a group of piles. 

Lagged Pile. — ^A pile having four or more long longitudinal timbers bolted to its 
sides for the purpose of increasing the area exposed to skin friction, and thereby 
obtaining an increased bearing capacity. 

Leading Pile. — A pile at the head of a row of piles. 

MacArthur Pile. — Same jis “Pedestal Pile,” q.v. 

Mooring Piles. — ^Pik^s used for fastf^ning boats and barges. 

Pedestal Pile. — A patented pile formed by driving a steel shell into the ground to 
the nxiuirexl de^pth, putting in small quantitic^s of concrete, and hammering them 
down so as to force the concrete? into the eart.h bc^yond the point of the shell; thus 
enlarging the end and greatly incrc?asing the bearing area. The shell is afterward 
withdrawn gradually, as tlu? hole that it made is filled with concrete. If the shell 
wen? Ic'ft in, the method would be far more satisfactory; as the shaft of the pile 
is liable? to be seriously imperfect. Sometimes dubbed a club-footed pile. 

Penetration of Pile. — Same as “Penetration.” 

Plank Pile. — A pile built of planks. 

Plumb Pile. — A pile driven verli(?ally, usually one of the inside piles of a bent. 

Pneumatic Pile.— A small diameter steel cylindcT sunk by the pnf?umatic process. 

Precast Pile or Premoulded Pile. — A form of concr(?te pile made, in a mould and 
allowed to liard(?n or s(*iison b(?forc being driven. 

Raymond Pile. — A form of Ailing pile in which a sti'el shell is driven into the ground 
and allowed to remain, at. tin? time of withdrawing tlie mandrel, so as to form a 
lining for th(» hole into which th<? conen^te is iwured. 

Refusal of Pile. — Tluit condition in pile driving when further driving fails to increase 
the penetration. 

Rolled Pile. — A type of concr(»te pile in whi<?h concrete is rolled up in a wire mesh, 
to which longitudinal reinforcing nnls are attachc‘d. The m(*sh takes the form of 
a spiral during the process, which is continued until the desired size and shape 
an; s(»curcd. 

Round Pile. — A pile having a round c?n)ss-sc*ction. 

Sand Pile. — A pile? made by forming a hole in the ground and Ailing the same with 
sand thoroughly tanipc^d. 

Screw Pile.- -A st(M*l pile similar to a disk pile but having a portion of a helicoid at 
its point so tis to enable the pile to be screwed into place. 

Sheet Pile. — A form of piling ustxi to shut out water, generally made of several 
planks si)ikcd or bolt ed together, and arrangc'd to secure a tongued and grooved 
effect when driven (?losc t.ogc'ther. Stwl shapes are also employiHi for this purpose. 

Simplex Pile. — A type of Ailing pile made by driving a steel shell, having a steel 
point, into the ground and Ailing same with concrete while the shell is being with- 
drawn. 

Spliced Pile. — ^A pile composed of two or more sticks joined with scabs. 

Spur Pile. — Same as “Batter l*ile,” q.v. 

Square Hewed Pile. — ^A timber pile trimmcxl with an adze into an approximately 
square section. 

Standing Pile. — A pile whi(?h stands without bracing. 

Stay Pile. — A pile connected or anchonxl by land ties with the main piles in the 
face of pile work. 

Steel Pile. — Piles made of rollcnl steel rods or shapes. 

Test Pile. — A pile in place loaded with a known weight in order to test the bearing 
capacity of the soil. 
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Pile Band. — An iron band put around the head of a pile to keep it from splitting and 
brooming during driving. 

Pile Bent. — Sc(^ “Bent.” 

Pile Bridge.— Sec “Bridge.” 

PUe Cap.— See “Cap.” 

Pile-cluster. — Several piles driven close together forming a group or cluster. 

Pile Disk. — ^The large, flat, circular casting which fonns the footing of a disk pile. 
Pile Driver. — A machine for sinking or driving pile's. 

Bull Wheel Pile Driver. — ^A pile driver having a bull wheel for winding up the lead 
line and raising the hammer. Pins are set in the periphery of the wheel con- 
venient for the men to grasp and pull upon, thus rotating it. 

Drop Hammer Pile Driver. — K driver in which a heavy hammer is repeatedly raised 
in a frame and dropped on to the pile. 

Floating Pile Driver. — ^A pile driver mounted and operated on a scow or barge. 
Gunpowder Pile Driver. — ^A device for exploding successive charges of gunpowder on 
top of the pile and, by the concussion, forcing the pile into the ground. 

Hand Pile Driver. — A small pile driver operated by liand. 

Horse Piie Driver. — ^A driver in which the hammcT is raiseni by horsepower. 

Monkey Pile Driver. — Same as “Hand Pile Driver,” qx, 

Nipper Pile Driver. — ^A pile driv(T in which a nipper is used for engaging the hammer 
during lifting. It is tripped at the top of the leads. 

Pendulum Pile Driver. — ^A driver in which the leads are arranged to swing like a 
pendulum so that a pile can be driven at an inclination to the vertical. 

Track Pile Driver, — ^A driver mounted on a flat car in order to be readily moved 
along the track. 

Pile Driver Hammer. — See “Hammer.” 

Pile Ferrule. — Same as “ Pile Band,” qx. 

Pile Follower. — Same as “Follower,” q,v. 

Pile Foundation. — See “ Foundation.” 

Pile Hammer. — See “Hammer.” 

Pile Head.-«ee “Head.” 

Pile Line. — See “Line.” 

Pile Pier.-^ec “Pier.” 

Pile Planks. — Sec “Plank.” 

Pile Ring. — Same as “Pile Band,” qx\ 

Pile Ring Puller. — A d(*vice for pulling a pile ring from the head of a pile after it has 
been driven. Usually a cant hook is employed for this purpose. 

Pile Shoe.^ee “Shoe.” 

Pile Splice.— See “Splice.” 

Pile Trestle.— Sec “Trestle.” 

Pile Work.— See “Work.” 

Piling. — A general term for a number of piles taken together: 

Sheet Piling. — A general term for a number of sheet pile^ taken collectively. See 
“Pile.” 

Pillar. — ^A post or column. 

Pillaring. — ^Thc act of supplying with pillars. A system of pillars. 

Pillow or Pillow Block.— Sec “Block.” 

Pillow Joint. — Same a.s “Ball and Socket Joint.” Sec “Joint.” 

PUot Nut.— See “Nut.” 

Pilot Punch.— See “l^inch.” 

Pin. — A round bar of steel used for connecting members of a tniss. Also any round 
bar which Alls a hole. A pivot. 

Centre Pin, — ^The pin on which the needle of a compass oscillates. 

Chord Pin. — ^Any pin on, or vciy near, the centre line of a chord. 
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Pin. 

Clevto Pin. — pin used to connect a clevis with a plate. 

Cotter Pin. — split steel key or pin used to fasten large pins so that they cannot 
move endwise. Also used to denote the large pin holding the cotter. 

Coupling Pin. — ^A pin that couples links in machinery, chains, etc. 

Crank Pin. — A pin connecting the ends of a double crank or the projection from the 
end of a single crank. 

Cross-head Pin. — A pin that fits in a cross-head and furnishes an attachment for the 
connecting rod. . 

Drift Pin. — A hand tool made of tempered steel with tapering ends and of a size that 
will permit its being pushed through a rivet hole. Used to draw together the 
component parts of a member or adjacent members. 

End Pin. — truss pin at the end of a span connecting the truss to the shoe. 

Gudgeon Pin. — Same as “Gudgeon,” q,v. 

Guide Pin. — One of the pins which keep a huh and felloe central with the axis of 
the machine to which they pc^rtain. 

Hinge Pin. — A pin which fastens together the parts of a hinge or which connects 
members having a slight rotating movement about each other. 

, Linch Pin. — ^A pin, near the end of an axle, used to hold on a wheel. 

Mast Pin. — A vertical pin at the top of the mast of a derrick. 

Set Pin. — Same as “Dowel,” q.v. 

Shoe Pin. — ^The pin in a shoe which receives the load from a span or a column. 

Truss Pin. — ^A pin uschI at the panel point of a truss to comiect the several inter- 
sect ing members. 

Pin Bearing. — See “Bearing.” 

Pin-bolt. — A bridge pin having a head and a nut. 

Pinch Bar. — See “Bar.” 

Pin-connected. — A term applied to the method of joining the members of a truss by 
pins instead of using riveted connections. 

Pin-connected Truss. — See “Truss.” 

Pin Drill.— Se(i “Drill.” 

Pine. - “A species of the conifers, or evergreen trees. 

Loblolly Pine. — ^A variety of pine tree of large size. It has a wider ringed, coarser, 
light(T, and softer wood with a larger area of sap wood than the long-leaf yellow 
pine. Its needle-like leaf is of short length. 

Long-leaf Yellow Pine. — A variety of pine tree of large size, having a hard, dense, 
strong wood and a needle loaf of great length. 

Norway Pine. — A variety of pine tree of large size. The wood is largely sap-wood 
and not durable. Grows in small scattering groves. 

Short-leaf Yellow Pine. — ^A variety of pine tree resembling the loblolly pine and 
having a wood approaching that of the Norway pine. Its needle leaf is shorter 
than that of the loblolly or Norway pine. 

White Pine. — A variety of pine tree of small size and soft wood. It has a short 
needle-like leaf. 

Pin-end or Pin-ended. — ^The condition of having a pin connection at the end of a 
member. 

Pin-end Column. — See “Column.” 

Pin Filler.— See “Filler.” 

Pinhole. — ^A hole in a member through which the pin passes and connects with other 
members. 

Pinhole Cutter. — See “Cutter.” 

Pinion. — ^Any toothed gear of small size as compared with the gear which it en- 
gages. 

Lantern Pinion.— A small lantern wheel. See “Wheel.*’ 
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Pinion. 

Lazy Pinion. — pinion acting as an idle wheel. 

Long Pinion. — A pinion having long teeth such that the gear meshing with it can 
move lattcTly without becoming disengaged. 

Shrouded Pinion. — A pinion in which the sides of the rim extend uj) on the ends 
of the te«'th, thcin'by bracing them and giving them extra strength. 

Pinion Shaft.— See “Shaft.” 

Pin Joint.— Sec “Joint.” 

Pin Knot. — See “Knot.” 

Pin Maui. — S(5e “Maul.” 

Pin Metal. — See “ Metal.” 

Pinner. — In masonry construction, a small stone used to prop up a larger stone. The 
process involved (a most objectionable one) is termcnl “Pinning-up” or “Under- 
pinning.” It causes the pn^ssure on the block to be thrown on a few points instead 
of being equally distributed over it, and exposes the stone to cracking. 

Pin Nut.— See “Nut.” 

Pinny. — An English term for a «ietal which contains enclosed i)articles of iiK'tal hanler 
than the rest. 

Pin Pilot. — Same as “Pilot Nut.” See “Nut.” 

Pin Plate. — Sec “ Plato.” 

Pipe (in metal). — A defect in an ingot <lue 1o the metal cooling from the outside inward, 
and the resulting contraction leaving a cavity near the center at the top. 

Pipe. — ^A tube, a conduit, a hollow metallic cylinder. 

Blast Pipe. — ^'Fhe exhaust pipe of a steam engine. 

Blow Pipe. — A pipe tlirough which material is forct^l by air from a caisson. A small 
tube through which air is forccxl so as to produce a high temfMTaturc. 

Cast-iron Pipe. — Pipe made of cast iron. 

Drip Pipe. — A small pipe used to convey away the water of condensation from a 
st(!am pipe. 

Jet Pipe. — A pipe u.sed in jetting, having a nozzle at the* Iowct (^nd and the water 
supply hose at the upper. 

Joint Pipe. — A short section of gas or steam pipe. 

Gas Pipe. — Small wrought iron pipe. 

Lead Pipe. — Pipe made by squeezing lead through a die. 

Loricated Pipe. — A pipe, having an inside coating of bitumen, used as a conduit for 
electric wires. 

Spiral-riveted Pipe. — A pipe made of long, narrow, steel plates twisted into a spiral 
forfU and riveted together. 

Suction Pipe. — ^The pipe running from a pump to the water supply. 

Weeping Pipe. — A pip(? embixlded in the masonry to caiTy off quickly the wat(»r 
from the top or back of a pier or abutment. 

Wrought-iron Pipe. — Pipe made from rollcKl iron platc's and wielded at the joint. 
Small size's are butt-welded, while larger sizes ore lap-w(dded. 

Pipe Clamp. — See “Clamp.” 

Pipe Coupling. — See “Coupling.” 

Pipe Cutter. — Sec “Cutter.” 

Pipe Die.— Sec “Die.” 

Pipe Joint. — See “Joint.” 

Pipe Line.— See “Line.” 

Pipe Rail.— vSee “Rail.” 

Pipe Tongs. — See “Tongs.” 

Pipe Union.— See “Union.” 

Pipe Vise.— See “Vise.” 

Pipe Wrencli.-Bec “Wrench.” 
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Piping. — general term used to denote a group or system of pipes taken collectively. A 
defect in rolled steel due to cavities that were formed as the ingot cooled. See Pipe.” 

Piston. — A movable disk-like piece fitted to fill the cross-section of a pipe or cylinder 
and capable of a backwanl and forward motion. 

Air Piston. — ^Thc piston that works in the air cylinder of an air compressor. 

Double-acting Piston. — A piston that is subjected to fluid pressure on each side 
alternately. 

Single-acting Piston. — ^A piston which is subjected to periodic pressure on one 
side only. 

Piston-head. — Same as “Piston,” q,v. 

Piston Rod.— See “Hod.” 

Piston Valve. — See “Valve.” 

Pit. — ^The effect of steam, water, or gas on metal causing small holes to appear on the 
surface. A hole; in the ground. 

Foundation Pit. — ^An oxciivation in which a foundation is placed. 

Lock Pit. — A pit in which the locking machinery is installed. 

Working Pit . — ^The excavation made for a foundation. 

Pitch. — ^The distance measured along the pitch line from cemter to center of teeth on a 
cogwheel. The slope of a roof. The distance from cemter to cent(T of rivets. 
The distance between the adjac^f^nt threads of a screw. The (h^gree of dc^scemt of 
a declivity. A thick, tenacious, black or dark-brown substance obiaiiiisl by boil- 
ing down tar. The resinous sap that exudes from pines. Bitumen or asphaltum, 
especially when unrefined. To smear, cover, or treat with pitch. 

Chord Pitch. — distance between centn^s of tc'eth, measurc*d on the chord of the 
pitch circle of a gear. 

Circular Pitch. — ^^Fhe distance between centres of tcs'th, measured on the pitch circle 
of a gc»ar. Also called the pitch of the tooth. 

Diametral Pitch. — In English practice, the ratio of the diameter of the pitch line to 
the number of teeth which is equivalent to the ratio of the circular pitch to tt. 
In American practice', the ratio of tlie number of tec'th to the diameter of the 
pitch circle in inches, which is equivalent to the ratio of tt to the circular pitch. 

Pitch Circle. — That circle of a gear, passing through th(? teeth, having a diameter which 
measiires the velocity ratio of the gear in respect to another which engages it. 

Pitched Dressing, or Pitched-face Dressing. — Sex; “ Dressing.” 

Pitching Chisel. — See “Chisel.” 

Pitching Tool. — A hand tool used by masons for cutting the arris on a stone. 

Pitch Line.— S(*e “Line.” 

Pitch of Rivet. — Sec “ Rivet.” 

Pitch Streak. — A wellnlefim'd accumulation of pitch at one point in a piece of timber. 

Pitch Wheel.— Sec “Wheel.” 

Pitman.— A rod which connects a rotating with a reciprocating ])art in an engine or 
other machine. 

Pit Planer. — See “Planer.” 

Pit Saw.— See “Saw.” 

Pivot. — ^A pin or shaft on which any object turns. 

Pivoted. — Arranged to work on a pivot. 

Pivot Gearing. — See “Gearing.” 

Pivot Joint. — See “Joint.” 

Pivot Pier. — Sec “Pier.'* 

Pivot Span. — ^A span in a bridge that revolves; called also “draw-span” and “swing- 
span.” 

Plain Dressing. — See “Dressing.” 

Plain Hammer. — Same as an “Engineer’s Hammer.” Sec “Hammer.” 

Plain Rod.-Sec “Rod.” 
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Plan. — ^The general layout of a structure; the horizontal projection of an object or 
structure. 

Plane. — A surface generatc?d by a straight line moving parallel to its original position. 

Datum Plane. — A plane of reference for a system of levels which, generally, is taken 
as zero eliwatiou. 

Diametral Plane. — plane passing through the diameter of a circle, or one containing 
the longitudinal axis of a cylinder. 

Inclined Plane. — A plane which makes an angle with the horizontal. 

Jack Plane. — A carpenter’s tool for smoothing boards. 

Plane Curve. — See “Curve.” 

Planed Finish.— See “Finish.” 

Planed Joint. — See “Joint.” 

Plane of Rupture. — See “Rupture.” 

Plane of Symmetry. — See “Symmetry.” 

Planer. — A machine tool for planing rnctal. 

Pit Pianer.— A t.>T)e of plancT located in a pit so that large work may be placed thereon. 

Stone Planer. — A machine for smoothing the surfaces of flat stones. 

Plane Table. — A surve^yor’s instrument consisting of a drawing board mounted on a 
tripod, and having on il.s upp(T surface a movables straight-cdgc} arranged with 
sight vanes or a telescope. 

Planimeter. — ^An instrmnent for measuring a plane area by carrying a tracer around 
its periphery and noting the change of reading on the index of the rolling wheel. 

Polar Planimeter. —A planimeter having a hinged arm, one end of which is pivoted 
while the other emd carries the tracing {loint. 

Rolling Planimeter. — A planimeter in which the tracer arm is pivoted to a short bar 
mounted on rollers. 

Planish. — To polish iiu'tals by rubbing with a hard, smooth tool. 

Plank. — ^A piece of lumber thicker than a board; usually measures from two to four 
inchf\s in thickiu^ss and from six inchen^ upward in width. 

Felloe Plank, or Felly Plank. — A guard rail on a roadway, so placed as to catch the 
felloe of a w'heel and thus prevent the vcdiiclc? from striking the tniss. In wide 
bridges, a felloe plank is often placed midway between the trusses, to prevent 
vehicles passing from one side to the other. 

Floor Plank. — A plank used in the flooring of a highway bridge. 

Gang Plank. — A short, ti'inporary plank used to bridge the distance from a barge 
or othcir v(?ss('l to a wharf. 

Hub Plank.— See “Hub.” 

Moulding Planks. — Flanks on which ornamental mouldings arc placed while in a soft 
condition. 

Pile Planks. — Planks driven like piles. 

Plank Pile.— See “Pile.” 

Plant. — ^I'he fixtures, machinery, tools, apparatus, etc. used to carry on any manu- 
facturing or (T('cting businc^ss. 

Plate. — A flat piece of metal or wood. 

Anchor Plate. — ^A square or n^ctangular plate, or washer, at the bottom of an anchor 
bolt. 

Base Plate. — ^The foundation plate of mental on which a heavy picHJc? of machinery or 
the end of a bridge rests. This plate is usually set on masonry or concrete. 

Batten Plate. — A staywl plate at the ends of a compre^ssion member. Sometimes 
termerl tie plate or stay plate. 

Beam-hanger Plate. — ^l^he plate beneath the ends of a floor beam for the beam-hanger 
nuts to pn^ss against. 

Bearing Plate. — ^A plate which receives the bearing from a pin or a plate that bears 
on another plate, 
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Plate. 

Bed Plate. — plate set in the top of the masonry to cany the load from the span. 

Boiler Plate. — Iron or steed rolled into flat plates from one-quarter to one-half inch 
thick, used in making tanks, boilers, vessels, etc. Sometimes called '^boiler iron.” 

Buckle Plates. — Flat, steel plates which arc dished at regular intervals. Used for 
floor platiOs. 

Cap Plate. — ^The top plate on a steel column or post. It generally supports a load. 

Checkered Plate. — ^A cast steel or iron plate having square, flat projections sugges- 
tive of a checkerboard. ItiS function is to give a foothold for horses. 

Compound Web Plate. — See “Web I*late.” 

Connecting Plate. — A plate; used to connect two or more members of a truss. 

Corrugated Plate.— A steel pLitc; bent into a series of parallel furrows and ridges. 

Cover Plate. — A plate fastened on the flanges of a girder to give additional cross- 
section thereto; a top or bottom plate of a chord member. 

Diaphragm Plate. — A stiffening plate used in the interior of a column to give it 
additional strength and rigidity. 

Draw Plate. — A plate having tapered holes through which wires are drawn. 

Extension Plate.— See Jaw Plate.” 

Filler Plate. -A plate used to fill open spaces under members or parts thereof 

Fish Plate.— Same sw '‘Splice Par.” Sec "Bar.” 

Flange Plate. — Same as "Cover Plate,” q.v. 

Flitch Plate. — A plate in a eompound wood and steel beam. 

Gusset Plate. — A large conncHiting plate; used at pane;! points to join the chord and 
the w'cb membe'rs. 

Hanger Plate. — A gusset plate connecting the hip-vertical to cither the top or the 
bottom chord. 

Hinged Plate.— A ))late containing a pinhole for hinging the; end of a member. 

Hitch Plate. — A plate; having a he)le or a ring attached for tying lines thereto. 

Jaw Plate.— The; unsuf)ported portion of the end of a compression member remain- 
ing afte*r the outstanding legs of flange anglers have been cut away, and its pin 
plates, which exte'nd below the transverse diaphragm to allow the packing of 
other membe»rs on I, he same pin. 

Masonry Plate. — A plate used unde;r a brielgo-shoc for the ptu*pose of distributing 
the load on the masonry. 

Name Plate. — ^A plal;e attacheel to a bridge showing the names of the; designer, fabri- 
cator, and erector. Sometimes other names are :ulded. 

Pin Plate. — A plate; riveted to the outside of the end of a member to give ad- 
ditional strongth anel greater bearing on the pin. 

Reinforcing Plate. — ^^Vn extra plate used to reinforejc or strengthen a membeT. 

Roller Plate. — A benl plate on which the rolli;r8 of the expansion end of a tniss rest. 

Scab Plate. — Same as "Scab,” q.v. 

Sheared Plate. — ^A plate sheared from another larger plate. Any plate the edges of 
which arc shewed. 

Shimming Plate. — A plate used as a shim for incroasing the elevation of a bearing. 

Shoe Plate. — ^I'he bottom plate of a shoe resting on the niase)nry. 

Skimming Plate. — ^A ceist iron plate us(d to se*parate* from the mo]te*n metal the 
small amount of a slag which comes out of the furnace therowith. 

Sole Plate. — A plate riveted to the bottom flange of a plate; girder to bear on the 
masonry plate. 

Splice Plate. — A plate used in splicing or joining two parts of a member. 

Stay Plate. — Same as "Batten Plate,” q.v. 

Tie Plate. — Same as "Batten Plate,” q.v, A plate used between a rail and a tie. 

Tongue Plate. — A plate riveted on to the end of a member and projecting beyond 
it, in order to make a connection wdth another member. 
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Plate. 

Trough Plate. — A rolled stool shape having a cross-section similar to that of a trough 
with sloping sides. Used for floor plates. 

Universal Mill Plate. — plate rolled on a universal mill, giving thereto smooth, 
square (nlgos. 

Wall Plate. — A stool plate laid on a masonry or a concrete wall to carry the end of 
a beam and to distribute its load. 

Web Plate. — ^The plate forming the web of a ginler. 

Vernier Plate. — ^Thc revolving plate on a transit to which are attached the 
vomiera. 

Plate Gauge. — Sec “Gauge.” 

Plate Girder. — Sec “Girder.” 

Plate Washer. — Sei^ “ Washer.” 

Play. — A loosc'ness in a joint or in parts of a machine or structure permitting some 
freedom of motion. 

Plenum Process. — ^The pneumatic process for sinking piers. See “Pneumatic IVocess.” 

Pliability. — ^The capacity of a body to changt; its form, temporarily, under different 
stresses. 

Pliers. — ^A hand tool for manipulating and cutting wires. 

Plinth. — ^'rhe square block at the base of a column or pedt'stal. 

Plug.— A small block of any material used to stop a hole. Also a wedge-shaptnl piece of 
steel used to drive between the feathers in the “Plug and Feather” metluKl of 
splitting or quarrying stone. 

Plug-and-feather Method. — A method of breaking a stone slab by drilling holes, 
a few inchc's apsirt, to a convenient depth less than tlwj thickness of tla? ston(«; 
then inserting steel feathers in each hole and driving a long slim wedgc», or 
plug, between them. This causes an expansion and a cracking along the line of 
holes. 

Plug Cock.— Sec “Cock.” 

Plugged. — StoppiHl up with a plug. 

Plugged Rivet. — Same as “Calked Rivet.” See “Rivet.” 

Plumb. — ^\VTtieal. 

Plumbago. — Same as “Graphite*,” q.v. 

Plumb-bob. — A conical piece of mental attached at its large end to a coni. Us(*d to 
place an obi(H?t in a vertical position or directly over some; desired point. 

Plumb Line. — Sec “Line.” 

Plumb Pile.— See “Pile.” 

Plumb Post.— Sec “Post.” 

Plummer Block. — Same as a “Pillow Block.” See “Block.” 

Plummet. — A ball of metal attached to the end of a lint? iise<l in soumling the depth 
of water. 

Plunger. — The piston in a pump. 

Ply.— A term uscmI to designate the number of layers in a fabric, as a three-i)ly hose or 
a four-ply belt. 

Pneumatic. — Pertaining to air, proco.sHes using air, or machines worked by compressed 
air. 

Pneumatic Caisson. — See “Caissem.” 

Pneumatic Car. — Sec “Car.” 

Pneumatic-clippers. — Shears or clippers operated by compressed air. 

Pneunmtic Cutter. — Sc*e “Cutter.” 

Pneumatic-cylinder. — ^The cylinder of a pier sunk by the pneumatic process. The 
cylinder in an air-compressor in which the air is compressed. 

Pneumatic Drill. — Sec “Drill.” 

Pneumatic Elevator. — Sec “Elevator.” 
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Pneumatic Excavator. — See “Excavator.” 

Pneumatic Hammer. — See “Hammer.” 

Pneumatic Hoist. — Same as “Air Hoist.” See “Hoist.” 

Pneumatic Pier. — See “PicT.” 

Pneumatic Piie.— See “Pile.” 

Pneumatic Process. — ^The process of sinking caissons by pumping air into the working 
chamber, in order to exclude the water, and thereby affording a dry space in which 
excavation may be carried on. 

Pneumatic Riveter. — Same as “Air Riveter.” Sec “Rivciter.” 

Pneumatic Riveting Gun. — See “Gun.” 

Pocket. — A recess. A hole in rolled metal, as a cinder pocket. 

Cinder Pocket. — A pocket made in rolled steel by ndling cinders into the metal. 
These may either remain or drop out of the rolled product, leaving holes or 
pockets. 

Expansion Pocket. — ^A bracket or pocket carrying a sliding end of a girder. 

Pcetsch Freezing Process. — ^A method of freezing quicksand, soft mud, or silt by driv- 
ing tubes down into it and circulating a freezing mixtm*e through them until the 
surrounding material is converted into a frozen mass like a wall. Excavation can 
then b(i cjarried on inside of the wall. 

Pcetsch-Sooysmith Process. — Same as the “Ptetsch Fn^ezing Process,” q.v. This term 
is usckI to denote the American right, held by Mr. Chark^s Sooysmith, to use the 
procciss. 

Point (gear teeth). — Sen; “Tooth.” 

Point (stone dressing). — ^A short steel bar with one tapering end sharpened to a point, 
used by masons for drc'ssiiig stone. 

Pointed Dressing. — S(Mi “ Dressing.” 

Point of Curve. — On railroad work, the point at which a tangent ends and a (!urve 
begins, called P. C. 

Point of Intersection. — ^llie point where two tangemts cross. Uswl in railroad work 
and called P. 1. 

Point of Tangent. — In railroad work, the point where a curve ends and a tangent 
commences, calk'd P. T. 

Point Switch. — See “Switch.” 

Poisson’s Ratio. — ^l"he ratio of the latcTal deformation to the longitudinal deformation 
under longitudinal external forces. 

Polar. — Ridating to a pole or axis. 

Polar Axis. — S(Hi “Axis.” 

Polar Coordinates. — See “Coordinates.” 

Polar Distance. — Same as “ Pole Distance,” q.v. 

Polar-equation. — An c'quation connecting polar coordinates. 

Polar Moment of Inertia. — Sec “Inertia.” 

Polar Planimeter. — Sec “ Planimet^T.” 

Pole. — Any long, i-ound, slemkT pioev of wood. Either of the extremities of the axis 
of a sphcn\ A point about which an object rotates. A point fn)m which lines 
radiate. 

Leveling Pole. — Same as “Leveling Roil.” Sec “Roti.” 

Range Pole. — ^A slender, painted pole having red and white bands alternating to 
give distinctness. Used by surveyors in sighting and running lines. 

Pole Axe. — See “Axe.” 

Pole-distance. — ^The peipcndicular distance, in a force diagram, from the pole to the 
load line. 

Pole-plate. — A longitudinal timber resting on the ends of tie-beams of roofs; used for 
supporting the feet of the common or jack rafters. 

Pole Tie.— See “Tie.” 
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Poling. — ^Thc st uTing of molten metal, either in a furnace or in a ladle, with a pole of 
green wood; the heat distilling off the volatile products which stir up the metal 
and; together with the charcoal formcnl, help to rcxlucc any oxides present. Also 
pn)pelling a barge or vessel by long poles. 

Polished Dressing. -See “ Drc'ssing." 

Polygon. — An enclosed figure having many sub's and angles. 

Equilibrium Polygon. — A term used in graphic static;s to designate the polygon drawn 
through a system of non-concum'nt forces in order to determine the position of the 
resultant thcTeof. The sides of the polygon are made parallel to the rays of an 
accompanying force ix)lygon, q.v. 

Force Polygon. — ^A polygon usihI in graphic statics to determine the magnitude and 
din'ction of the resultant of a syst^'in of forcra. The side's of the polygon anj 
made parallel to and ecpial in h'ngth to the forces. The closing line represents 
the magnitude and direction of the resultant. 

Funicular Polygon, or String Polygon. — Same iis *'E(piilibrium Polygon,” q.v. 

Polygonal Top Chord. — Secs ‘‘Chord.” 

Pontoon. — A boat or light float. A metal cylinder closed at both ends for floating. 
A floating bridge. 

Pontoon Bridge. — See “Bridge.” 

Pony Truss. — See “Tniss.” 

Porosity. — ^Thc condition of perviousness. 

Port. — ^The narrow slot in the ends of a cylinder for the passage of steam. In a ves.sel, 
the left-hand side looking forward — (erimxl also “larboanl.” A harbor or shelter 
for vessels. 

Portal. — The space between the batter braces at one end of a bridge. Sometimes tlu? 

’ term is appliixl to the portal bracing. 

Skew Portal. — A portal on a 8k(‘w span. 

Portal Bracing. -See “Bracing.” 

Portal Rod.— Sec “Rod.” 

Portal Strut.— See “Strut.” 

Portland Cement. — See “Cement.” 

Portland Cement Concrete. — See “Concrete.” 

Portland Cement Grout. — See “Grout.” 

Positive Moment.- -Sec “Moment.” 

Positive Print.— See “Print.” 

Positive Reaction. — Sc*e “Reaction.” 

Positive Rotation. — See “Rotation.” 

Positive Shear. — See “Shear.” 

Post. — A vertical, or nearly vertical, compression member. 

Batter Post. — Same as “Batter Brace.” Stn? “Brace.” 

Beam-trussing Posts. — ^The short, ix^rpendiciilar posts used in trussing beams. 

Centre Post. — ^An intermediate post on the longitudinal centre line of a timber 
bent. 

Collision Post. — An auxiliary post placed near the portal of a bridge to take up the 
shock of a deraihxl car or engine and pnwent it from injuring the trus.ses. 

End Post. — ^^rhe post at the end of a truss. 

Fixed Post. — ^A post having fixed ends. 

Handrail Post. — ^A post supporting the handrail and its attachments. The vertical 
member of a handrailing. 

Hinged Post. — ^A post having one or both ends conniHited by pins to other parts of 
the structure. 

Inclined End Post. — ^An inclined compression member at the end of the truss. Also 
called “Batter Post” and “Batter Brace.” 

Intermediate Post. — A post between the two outside posts in a timber bent. 



GLOSSARY OF TERMS 


2043 


Post. 

Joggle Post. — post built of two or more pieces of timber held together with dowels 
or joggles. A post having shoulders to receive the feet of struts; a king post. 

King Post. — ^The middle post standing at the apex of a King Post Truss. Sec ** Tniss.” 
Also called Joggle Post/' q.v. 

Newel Post. — ^The principal post at the angles or at the foot of a stairway. 

Plumb Post. — ^A vertical post, usually applied to timber construction. 

Queen Post. — ^Thc vertical post in a “Queen Post Truss.” See “Truss.” 

Snubbing Post. — A post used for snubbing or attaching loosely a line to check the 
motion of a boat. 

Sub Post. — ^A secondary post us(xl in a subdivided panel. 

Tower Post. — ^A member of a tower which carries load directly to the pcdcstaL 
A tower column. 

Post Extension. — Same as “Jaw Plate,” q.v. 

Post-hole Auger. — See “Auger.” 

Post-Oak. — A variety of white oak. 

Post Reamer. — Same as “ Post-hole Auger,” q.v. 

Post Truss. — See “Truss.” 

Potential Energy. — See “Energy.” 

Pot Metal. — ScH) “ Metal.” 

Pounce. — Powdered talc or chalk used for nibbing on tracing cloth to remove the 
slightly greasy surface so that the ink will adhere betU'r. 

Pound-foot. — A unit of moment, equal to that produecnl by a force of one pound acting 
with a lever ann of one foot. 

Powder. — Same as “Gun Powder,” q.v. An explosive used for blasting. Any very 
finely pulverized substance. To reduce to powder. To pulverize. To sprinkle 
with powder. 

Power. — ^The rate? of doing work. Often loosely used for force, strength, or resistance. 

Horsepower. — ^A unit of power. Sen? “Horsepower.” Also a machine by which 
the power of a horse can be inside available for doing useful ivork. 

Water-power. — Power developed from moving water; also a])i)lied to any plant 
uschI for gsmcTating power fnim moving water. 

Power Capstan. — See “Csipstan.” 

Power Crane. — Same as “Column Crane,” q.v. 

Power Hammer. — Sec “Hammer.” 

Power House. — ^The building containing the machines and equipment uscmI in genersiting 
power. 

Pozzuolana Cement. — Sec “Cement.” 

Prairie-type Locomotive. — Sec “Locomotive.” 

Pratt Truss. — See “Tniss.” 

Pre-cast Pile or Pre-moulded Pile. — See “Pile.” 

Precipitation. — A genersil term for the several kinds of moisture from the atmosphere 
dc'posited on the earth's surface, such as dew, mist, min, frost, snow, sl(*(»t, hail, etc. 
The process by which a substance in solution, after another substance has been 
added, miets upon the lattfT, forming a new insoluble compound called precipitate. 

Precise Level.— Sec “Level.” 

Present Worth. — ^The present worth of a sum of monc'y due a number of years hence^ 
is that principal which at compound interest will produce the desired amount at 
the end of the given time*. The present worth of a sinking fund is equal to the 
present worth of the amount of the fund, and is the sum of the present worths of 
the deposits. 

Press. — A machine for exerting pressure upon an object. 

Buckle-plate Press. — A machine for pressing sliect steel into buckle-plates. 

Bull Press. — Same as “Gag Press,” q.v. 
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Press. 

Drill Press. — machine tool for drilling holes, having one or more spindles carry- 
ing drill points that are moved forward by an automatic feed. 

Gag Press, or Gog Press. — press consisting of two fixed horns and a ram, used for 
straightening structural shapes. Also called '^Bull Press.” 

Hydraulic Press. — ^A press consisting of a water cylinder and movable plungiT mounted 
in a frame. A small pump forces water into the cylinder and causes the plunger to 
move slowly, but with great pn^ssure against the objtHst held in the frame. 

Steel Press. — iS . macliine us(h1 in the manufacture of steel for pressing or squetizing 
out the slag. The action thereof may be continuous or intermittent. 

Pressed Brick. — See Brick.” 

Pressed Threads. — See ” Threads.” 

Pressure. — ^The effect of pressing; the result of thrust. 

Air Pressure. — ^l^he pn'ssun^ (‘xertcnl by the air due to its weight or to its b(ang com- 
pressed anti confined in a reservoir. 

Axis of Pressure. — \ lint' psissing through the centroids of pressure of different 
successive sections of a body. 

Bearing Pressure. — The pressure on a bearing. 

Centre of Pressure. — ^The point at which thti resultant of the prt^ssures on a surface 
acts. 

Earth Pressure. — 'fhe latt'ral iw'ssure exerted by a bank of t'arth when supportt'tl 
by a retaining wall or an abutment. 

Tooth Pressure. — ^The pressure exerttid by a t(M)th of a gear on thtj opposing gear. 

Water Pressure.- -'fhe pn^ssure exerted by a coluiim of watcT when confint'tl. 

Wind Pressure. — ^^Hit' prt'ssurti on a surface prcnluct'd by the wind blowing against it. 

Pressure Gauge. — See ‘‘Gauge.” 

Pricker. -A needle point mounted in a handle, used by draughtsmen to IransftT the 
position of a point on one plan to another by superposing one on the other and 
pricking through. 

Prick Punch. —Sec* “ Punch.” 

Primary Member. — Sc^e “MeinbcT.” 

Primary Stress. — See “Stress.” 

Primary Truss. — See “Truss.” 

Prime. — ’’l''o pour w'ater down a pump in order to start the suction. 

Primer. — ^'Phe first coat of fiaint on a structure; an exploder for blasting powdcT. 

Priming Coat. — ^^fhe first coat of paint on a structure. Sometimes called" Primer,” q.v. 

Principal. — A sum of money upon w^hich interest is paid or computed. 

Principle of Least Work. — S('e “ Tjcast-work.” 

Print. — An impression; a (!Opy. 

Blue-print. — A copy marie on bluo-prmt paper from a tracing. Sec “Paper.” 

Negative Print. — ^An intermediate pnnt from which the final or positive print is 
made. 

Positive Print. — A blue line print on white background made by a direct proc(^ss 
without a negative. 

Van Dyke Print. — A print made on Van Dyke brown-print paper. 

Printing Frame. — See “Frame.” 

Printing Machine. — ^An ajiparatus for making blue-prints by (either natural or artificial 
light. 

Prismoid. — A solid having two parallel plane base's with sides gcinerated by straight 
lines. 

Prismoidal Formula. — A formula for finding the exact volume of a prismoid. 

Let Ai an^a of one base. 

At = area of other base, 

M = area of middle section parallel to bases. 
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Let I B distance between bases, 

V = volume, 

then V = i(.Ai+A» + 4,9/) 

Prison Dressing. — See “Dressing.” 

Profile. — ^The outline of a vc^rtieal section through a country or line of work, showing 
actual or projected elevations and hollows, generally with the vertical scale much 
greater than the horizontal. 

Profile Book. -A surveyor’s note book. A case in which a continuous strip of profile 
paper is carried. 

Profile Paper. — S(?e “Paper.” 

Progression. — A scries of numbers bearing a definite sequential relation to each other. 

Arithmetical Progression. — A progression in which any term, other than the first, is 
derived from the i)n'C(Hlirig t<Tm by adding a fixed quantity. 

Geometrical Progression. — A progression in which any term, other than the first, 
is derived from the preccniing term by multiplying the latter by a fixed quantity. 

Projection.- -'Fhe act, or its result, of constructing rays or lines through every point of 
a figim', according to some system or law, and I'xtcmding or projecting them to 
some, plane upon wliich the; figure; or object Ls to lx; n'pn'scmted. 

Isometric Projection. — A mcKle of geometrical drawing in which three planes are 
project(»d at (*(|ual angles ui)on a single plane, and all the mc'asurements are upon 
ihv same scale; used at. times to show machinery, buildings, etc. 

Orthographic Projection. -Fhat system of projection in which the rays are parallel. 
'Phis is the* system which is most largely used in engineering work. 

Prony Friction Brake. — See “Brake.” 

Proof Load.— S(;e “ Load.” 

Proof Strength. — “Stnmgth.” 

Prop. — A temporary support or extraneous brace. 

Pry. — A lever. 'Po raise with a lever. 

Puddle. — 'Po compact and work into phice, sis to puddle concrete. To convert cast 
iron into wTOught iron by melting and stirring in a reverberatory furnace. A 
mixtun* of sticky clay moistened with water, used to stop leaks in cofTerdams, etc. 
To place such a mixture. 

Puddle Ball. — A lump of red-hot, plastic iron taken from the puddling furnace for 
hammering or rolling. 

Puddle Bar. — Same as “Muck Bar.” Sec “Bar.” 

Puddle Cinder. — See “Cinder.” 

Puddle Dyke. tScc “Dyke .” 

Puddler. — A workman who is employed in the process of converting pig iron into 
wrought iron. The attendant at a puddling funiace. 

Puddle Rolls. — See “ Rolls.” 

Puddler's Candle. — One of the jets of flame which spring from molten iron while the 
carbon is hewing n^moved in a puddling funiace. 

Puddle Steel.— See “Steel.” 

Puddle-train. — A set of rolls for rolling puddle balls into muck bar. 

Puddle Wall.— See “Wall.” 

Puddling. — ^^Phe act of making a puddle. See “Puddle.” 

Dry Puddling. — The old pn)cess of puddling iron in which ver>’' little, if any of the 
phosphonis was rc'inoviKl, while the sand lining of the furnace combined with the 
iron which wjis oxidizcKl, thus causing a heavy loss. 

Wet Puddling. — ^The presemt process of puddling, in which the furnace is first charged 
with fluxing cinder or **hammer slag” (oxide of iron) and then with gray iron. After- 
war* the charge is heatexl so that the iron and the flux form a pasty mass, which 
is thci. stirred with puddling bars. 
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Puddling Furnace. — Soe '^Furnace." 

Pug-mill.— A machine for grinding and tempering clay. 

Pull-back Draw Bridge. — Sec “ Bridge.” 

Pulley. — wheel over which a belt, chain, or rope passes; used to transmit motion or 
to deflect such belt, chain, or rope from one course to another. The face may 
be flat, crowned, conical, or grooved. Also applied to a combination of sheaves, 
or grooved pulleys, and the shell or framework containing them. Also called 
“ Pulley Block.” Sec “ Block.” 

Band Pulley.— A flat or slightly crowned pulley operated by a band. 

Chain Pulley.— Same as Chain Wheel,” q,v. 

Clip Pulley. — A wheel which has on its face a series of grips or clips for holding the 
band or wire rope that passes over it. 

Compound Pulley. — Properly speaking, this term refers to a system of pulley-blocks 
and ropes usually called “Tackle,” q.v. 

Cone Pulley. — Same as “Stepped Pulley,” g.r. 

Conical Pulley. — ^A pulley having a conical face. 

Crowning Pulley.— A pulley in which the face has a slight convexity in order to hold 
the belt on better. 

Dead Pulley. — Same as “Loose Pulley,” q.v. 

Differential ‘Pulley. — A system of pulleys in which an endless chain passes over two 
upper grooved pulleys, of different diameters, and one lower pulley to which the 
weight to be lifted is atbiched. The motion of the (thain is such that as it winds 
upon the larger pulley, it unwinds from the smaller anil the weight to be lifted 
moves through a space equal to half the diffidence between the amount of chain 
wound up and that unwound. 

Double-speed Pulley. — A combination of two loose pulleys and toothinl gearing with 
one fast-driven pulley, whereby two different speeds of rotation may be obtained 
with pulleys of the same diameter by shifting the band from the fast pulley to 
one of the loose pulleys. 

Driven Pulley. — ^The pulley which receives the motion from the bidt. 

Driving Pulley. — ^The pulley transmitting motion to the bidt. 

Fast Pulley. — ^A pulley which is fastencil to its shaft. 

Flat-rope Pulley. — \ pulley having a flat face, but with flanges at the edges, over 
which passes a flat rope. 

Frame Pulley. — ^A type of pulley-block having an iron frame in which the shcavi^s 
or grooved pulleys turn. 

Friction Pulley. — ^A pulley which transmits its motion to another by friction of the 
rolling* surfaces instead of by teeth. 

Guide Pulley. — A pulley employed to alter the course of a belt. 

Idle Pulley. — Same as “Loose Pulley,” q.v. 

Jockey Pulley. — ^A small wheel running against the rim of a grooved wheel to keep 
the rope or chain in its groove. 

Loose Pulley. — A pulley which turns loosely on its shaft. 

Parting Pulley. — Same as “Split Pulley,” q.v. 

Sliding Pulley. — ^A pulley with a clutch mechanism. 

Split Pulley. — A pulley made of two parts, hedd together by bolts, and so arranged 
that it can be removed from its shaft without disturbing the latter. 

Stepped Pulley. — ^A pulley having a stepped face or parts with different diameters, 
thus permitting of a shifting of the belt and the transmission of different speeds. 

Pulley Block.— Sec “Block.” 

Pulley-check.— An automatic device to prevent the rope from running backward through 
the pulley block. 

Pulley Clutch.— See “Clutch.” 

Pulley Sheave.— See “Sheave.” 



GLOSSARY OF TERMS 


2047 


Pulsometer, or Pulsometer Pump. — pump in which the condensation of steam in a 
chamber causes a partial vacuum therein, inducing the water to rise so as to be 
expelled therefrom by an incoming fresh supply of steam. 

Pulverize. — ^To reduce to a powder. 

Pump. — ^A machine for moving liquids or gases by setting up a flow of same. 

Air Pump. — ^A pump for condensing and forcing air through an aperture or pipe. 

Bucket Pump. — ^A pump for raising liquids by means of buckets attached to a belt 
or chain and passing over an ovc^rhead shaft or a pulley or sprocket wheel. 

Centrifugal Pump. — ^A rotary pump in which a revolving fan creates a partial vacuum 
in its chamber, causing the water to rise until it comes in contact with the swiftly 
moving vanes by which it is expellcKl through the discharge pipe. 

Chain Pump. — ^A pump employing an endless chain provided at intervals with buckets 
or with flat valves or disks working in a tube, used for raising water short distances. 
It is an uneconomic device. 

Donkey Pump. — ^A feed pump for boilers. 

Eads’ Pump. — A pump employing a water jet to entrain air and thereby suck up 
mud and wet sand into a chamber where it is caught by the jet and carried out 
through a discharge pipe. 

Emerson’s Foundation Pump. — A pump specially adapted for pumping out cofferdams 
or cribs. 

Feed Water Pump. — Same as “Donkey Pump,” g,v. 

Hand Pump. — A pump worked by man power. 

Horizontal Pump. — ^A pump with its cylinders in a horizontal position. 

Jack-head Pump. — pump having its delivery pipe attachinl to the pump barrel by 
a goose-n(!ck connection. 

Jet Pump. — Any pump in which the fluid is impelled through the discharge pipe by 
the action of a jet of the same or another fluid. 

Jigger Pump. — A portable, hand-lever pump, usually provided with an attachment 
for an air chamber and a nozzle to which a hose may be attached. 

Lift Pump. — A pump having a cylinder with a suction valve at its lower end which 
is connected by a suction pipe to the water supply. The movable piston has 
an upward opening valve so that the wat(T may pass through it on the downward 
stroke and lift by it when closed on the upper stroke. 

Locomotive Pump. — ^Thc; feed pump which supplies water to a locomotive boiler. 

Mud Pump. — A pump used for pumping mud out of an excavation, usually a cen- 
trifugal pump, although sometimes a jet pump, such as the Eads’ pump is employed. 

Pulsometer Pump. — Same as “Pulsometer,” q.v. 

Rotary Pump. — A pump that lifts water by the rotary motion of its parts. 

Sand Pump. — ^A pump for raising sand, such as th(; Eads’ pump. 

Suction Pump. — ^A pump that raises water by creating a partial vacuum or suction. 

Punch. — ^A machine for forcing or shearing holes in metal. To mak(^ a hole* with a 
punch. 

Backing-out Punch or B. & O. Punch. — ^A hand tool used by erectors for backing 
out of the rivet-hole that portion of the rivet remaining after cutting off the head. 
Also called “B. and O. Punch.” 

Centre Punch. — A marking punch that makers a small indentation in steel so as to 
locate the centre for a rivet-hole. 

Gang Punch. — ^A machine that punches two or more hok^s at one operation. 

Multiple Punch. — Same as “Gang Punch,” q.v. 

Pilot Punch. — ^A machine punch in which the cutting tool is provided with a small 
central plug which fits into a hole in the material and acts as a guide for punching 
the larger hole. 

Prick Punch. — ^A hand tool for marking metal. A centre punch. 

Ratchet Punch. — A punching machine that is operated by means of a ratchet wheel. 
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Punch. 

Single Punch. — punching machine that makes one hole at a time. 

Spacing Punch. — A punch with an arm extending horizontally and having on the end 
of this arm a small tool, called a six>tter, which engagers a template working on a 
frame, to which is attiichod the sheet to be punched. When the frame is moved 
so that the spotter enters the hole in the templates, the punch acts. 

Square Punch. — A machine for punching square holes. 

Sub-punch. — ^To punch a hole smaller than the rivet to be usetl, so that the injured 
metal may be removed by reaming out to size. 

Template Punch. — Same as “Spacing Punch,” q.e. 

Punching Machine. — Same as “Punch,” q,D. 

Punish. — ^To subject material to very severe or abusive; treatment. 

Purchase. — A firm or advantageous hold useil in prying a heavy object with a crow- 
bar. A pivot, a fulcrum. 

Purchase Blocks. — Sec “ Block.” 

Pure. — Unadulterated. 

Pure Stress. — See “Stress.” 

Purlin. — A piece of timber laid horizontally upon the principal raftcTS of a roof to sup- 
port the common raft(?rs on which the covering is laid. 

Push. — To strike or force with a thrusting motion. 

Pusher. — A sub-foreman, in charge of one gang, who sees that the mc'n do lh(‘ work 
assigned to them jis rapidly as possible. 

Put-log. — ^A horizontal piece supporting the floor of a scaffold, on(» end bc‘ing inserted 
in a hole left in the masonry for that purpose. 

Putty. — ^A paste composcnl of soft carbonate of lime and linseed oil, usc'd by glazic‘rs 
for holding window-gliiss in a sash. 

Putty Joint. — See “Joint.” 

Putty Lime. — Sec “Lime.” 
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Quadrangular Truss. — See “Truss.” 

Quadratic Equation. — ^An equation of the second degrc;e, or one in which the highest 
power of the unknown quantity is the second. 

Qua^ple Block. — See “Block.” 

Quantities. — ^The amounts of materials to be handliMl, ex])ress('d in the; customary units. 
Quarry. — ^An cx(;avation from which rock is obtained. 

Quarry-faoed Dressing. — See “Dressing.” 

Quarry Moisture. — ^^rhe moisture; held in the pore's of rc*cently ciuarric'd rocks. 

Quarry Sap or Quarry Water. — See “Quarry Moisture.” 

Quartered Tie. — Sec “Tie.” 

Quartz. — ^A hard, transluc(;nt mim^ral occurring in cither crystalline or massive form. 
One of the constituents of granite, sandstone, and sand. Chemically, it is the 
oxide of silicon (Si O^). 

Quay. — ^A wharf, q.v. 

Queen Post. — See “Post.” 

Queen Post Truss. — See “Truss.” 

Quenching. — ^I'he hardening of steel by dipping in a liquifl, such as water or oil. Some- 
times molten lead is used for this purpose. 

Quick Lime. — Sec “Lime.” 

Quick Sand. — A very fine, silt-like sand saturated with water so that it has no stability. 
Quick-setting Cement. — Sec “Cement.” 

Quiescent Load. — A load that is stationary. 

Quirk. — ^An acute angle or recess. A deep indentation. The incision undcT the abacus. 
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Quoin. — ^An exterior solid angle in masonry. A wedge-like piece of stone or metal. 
To wedge or raise up. 
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Rabbet. — ^A half groove along the edge of a board. To cut such a groove. 

Rabbeting Machine. — ^A machine for cutting rabbests in boards. 

Rabbet Joint. — See Joint.” 

Rabble. — A bar with one; end bent at right angles like a poker, use d in puddling furnaces. 

Rabbling. — Same ;is Puddling,” q.v. 

Rack. — X straight iron biu* having teeth for engaging those of a gear or a worm. Used 
to convert rotsiry motion into rectilinear, or vice versa. 

Roll Rack. — A nick on which a pinion works. 

Worm Rack. — A rack having oblique teeth on which a worm meshes. 

Rack and Pinion. — A combination of a rack and a pinion working together. 

Rack and Pinion Jack. — See ” Jack.” 

Rack-circle. — A rack bent into the form of a circle. 

Racked-back. — Built in steps or offsets. 

Racking. — Shaking so that the connecting rivets are loosened and the structure thus 
permanently injured. 

Rack-rail.— Same as “Rack,” q,v. 

Rack Tooth.— See “Tooth.” 

Radial-arm. — A crank or rod revolving about a centre at one end, such as the crank of 
a windlass. 

Radial Drill. -«ec “Drill.” 

Radial Rod.- See “Rod.” 

Radial Strut.— Sec? “Strut.” 

Radian. — ^Tho unit of circular measure ec^ual to an angle which has a subtending arc 
of (he same length iis the nidius. 

Radius of Curvature. — See “Curvature.” 

Radius of Gyration. — See “Gyration.” 

Radius Tool.-S( e “'Fool.” 

Raft Dog. — See “Dog.” 

Rafter. — One of (he timbers or joists in a roof to which the boards are fastened. 

Jack Rafter. — One of the short rafters used in a hip-roof. 

Rag-Bolt. — Same as “Bar Bolt,” q.v. 

Rag Wheel.- Se(^ “Whecd.” 

Rail. — A specially shaped bar adapted to a particular purpose. It may be of wood, 
stone, <;onere((\ or metal. Generally used for Bup{)orting vertical losids. 

Base of Rail. — 'Flu* bottom of any rail laid in final position. It generally determines 
the elevation from which the heights of the various parts of the structure arc 
mcasun d. 

Flange Rail. —A rail having on one side an elevated edge or flange to keep the wheels 
from running off. 

Girder Rail. — A deep, heavy rail used for street ears in cities. Its cross-section is 
similar to that of an I-beam with a projection on top fonning the tread of the rail. 

Grooved Rail. — Same as “Girder Guard-rail.” See “Guard-rail.” 

Guard-rail.— ScHi “Guard-rail.” 

Guide Rail. — An additional rail placed inside of and close to one of the ordinary rails 
to prevent trains from leaving the track on curves. 

Handrail. — \ railing of concrete, stone, wood, or metal placed on top of posts or 
balust(*rs to form an open-work construction. Used on the sides of bridges to 
prevent persons and animals from falling off. 

Lorry Rail. — Same as “Lorry Track.” See “Truck.” 
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Rail. 

Pipe Rail. — handrail, used on bridges, composed of wrought-iron pipe and 
fittings. 

Relaying Rails. — Second-hand rails which are too much worn to carry hea^’y traffic 
at high speed and at frequent intervals, but with sufficient section left to serve for 
switch tracks, guard rails, etc. 

Safety Rail. — guard rail, q.v. 

Strap Rail. -An iron strap bolted to a longitudinal wooden stringer to serve as a rail. 

T Rail. — A rail having a section similar o the letter T. 

Track Rail. — ^A rail composing a part of a tnick. 

Rail-bender. — A mechanical device used for bending rails to a predctermincHl curvature 
before laying. 

Rail-brace. — ^A knee casting attached to the railroad tie to prevent the spreading and 
overturning of rails, especially on curves and switches. 

Rail-chair. — A metal block or shape used under a rail to give it a gn^ater bearing on the 
tic. 

Rail Clamp. — See Clamp.” 

Rail-guard. — On English locomotives, a bar projecting down in front of the front wheel 
to within two inches from the rail to knock off any object which might be resting 
on the rail. Also sometimes used for Guard-rail, ’’g.r;. 

Railing.— See “Rail.” 

Rail Jack. — Same as “Track Jack.” See “Jack.” 

Rail Joint. — See “Joint.” 

Rail-lift. — ^A device uschI on swing spans for lifting the ends of the rails thereon, so as 
to clear obst met ions on adjacent spans as the draw is swung open. 

Rail-lock. — A device used on swing spans for locking the rails at the ends of the span 
after closing the draw. 

Railroad Curves. — See “Curves.” 

Railroad Jack. — Same as “Track Jack,” q,v. 

Railroad Spike. — Same as “Track Spike,” q.v» 

Rail Saw. — See “Saw.” 

RaU-section. — ^The cross-section of a rail. 

Rail Spike. — Same as “Track Spike,” q,v. 

Rail SpUce.— See “Splice.” 

RaU Tongs. — See “Tongs.” 

Railway Bridge. — S<?e “ Bridge.” 

Raising Hammer. — Sec “Hammer.” 

Rake. — ^The inclination to the vertical which a member of a bridge takes. 

Ram. — ^The hammer of a pile driver; a heavy timber or bar used for driving pins in a 
bridge. 

Battering Ram. — ^A beam of timber, generally having a metal head, used to drive 
home bridge pins. Sometimes it is made entirely of metal where a great many 
large pins are to be drivem. A railroad rail is sometimes employed as a battering 
ram. 

Hydraulic Ram. — ^An automatic device by which the fall of a comparatively large 
quantity of water is suddenly checked and a portion diverted to an air chamber. 
Owing to the momentum of the water, the air in the chamber is compressed, as 
the water enters, until the said momentum is absorbed. By the dropping of an 
outlet valve in the supply pipe a new flow is set up for a brief moment and again 
checked, causing an additional supply to enter the air chamber and rem^w or in- 
crease the previous pressure. This interior air pressure causes the water to pass 
out of the discharge pipe which ends at a higher elevation than the source of supply. 

Rammed. — Driven with great force, as a pile is rammed into the ground by the blows 
of the hammer* 
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Ramp. — ^An inclined plane connecting two levels. 

Random Bond.— See ''Bond/' 

Random Course. — See ** Course." 

Random Masonry. — See "Masonry." 

Random Rubble. — See "Rubble." 

Random Tooled Dressing. — See "Dressing." 

Range Masonry. — See "Masonry." 

Range of Stress. — See "Stress." 

Range Pole. — See "Pole." 

Ranklne’s Formula. — One of the most widely known formulae for the design and inves- 
tigation of columns employed in engineering practice, 


8 



where p » allowable unit stress for the column, 

8 s allowable unit stress for short columns, 
a s a constant, 

I = length, 

and r = radius of g 3 rration in reference to an axis normal to a plane in which 
flexure takes place. 

Rasp. — ^A coarse-cut file. 

Flat Rasp. — A rasp having a narrow, rectangular cross-section. 

Half-round Rasp. — ^A rasp having a semicircular cross-sc^ction. 

Ratchet. — A mechanism consisting of a ratchet whcH.'l and a pawl or pawls (or some- 
times of a rack and pawl), so arranged that a movc^ment of the pawl in one direc- 
tion causers a partial revolution of the ratchet wheel while a reverse motion of the 
pawl has no effect then»on. It is often calkni a "Click." 

Boat Ratchet, or Steamboat Ratchet. — ^An apparatus for pulling, consisting of a sleeve 
having int(;nial, opposing threads at the ends and a ratchet and handle for turning 
the same. Suitably threaded rods with links and hooks at the outer ends screwed 
into the sleeve. The turning of the sleeve screws up on the rods causing them 
to approach each other. 

Ratchet Coupling. — See "Coupling.” 

Ratchet Drill.-^e "Drill." 

Ratchet Jack. — See "Jack." 

Ratchet Punch.— See "Punch." 

Ratchet Reamer. — Sec "Reamer." 

Ratchet Wheel.— Sec "Wheel." 

Ratchet Wrench. — See "Wrench." 

Rate of Strain. — See "Strain." 

Rational Formula. — See "Formula.” 

Rat-tail FUe.-^ee "File.” 

Rattler. — ^A cylinder with ends closed, as in a barrel, set on trunnions for rotating. It is 
used for cleaning small castings by rolling and tumbling them ovct each other, 
and also for making abrasion tests of stone, brick, etc. 

Rattling. — ^Working a rattler. 

Raymond Pile. — Sec "Pile." 

Rays. — ^Thc lines in a force diagram drawn from a selected pole to the ends of the 
several lines representing the forces in the load line. Sec "Force Diagram." 

Reach. — ^The distance or limit within which a machine can operate, as the reach of a 
derrick. Also iised to denote an unbroken stretch of a stream. 

Reaction. — A passive force set up in opposition to an initial, active force, e. p., the up- 
ward pressure on the bottom of a beam resting on a support, equal in amount to 
the downward pressure from the beam. 



2052 


BRIDGE ENGINEERING 


Chapter LXXX 


Reaction. 

End Reaction. — ^Thc reaction set up at the end of a bcami Kirderi or truss by the 
loads thereon plus its own weight. 

Negative Reaction. — reaction caused by an uplift, and therefore acting in an op- 
posite direction to a reaction caused by a direct load. 

Positive Reaction. — A Reaction caused by and opposed to a direct load. 

Upward Reaction. — ^A reaction having an upward direction. This is generally the 
same as '^Positive Reaction/’ q.v. 

Real Horsepower. — Same as “Indicated Horsepower.” See “Horsepower.” 

Ream. — ^To enlarge a hole by means of a cutting tool having fluted cutters on 
the side. 

Reamer. — A tool having fluted sides with cutting edges used for enlarging holes. Also 
the machine that rotates the cutting tool. 

Air Reamer. — ^A reaming machine operatixl by compressed air. 

Close-quartered Reamer. — A pneumatic reamer having a cutting tool with a short 
shank, for working in restricted spacers. 

Common Reamer. — ^A tapercHl bit with fluted sides and having sharp cutting 
edges. 

Countersinking Reamer. — ^A bit with a conical-shaped cutting head, used for coun- 
tc^rsinking hok's. 

Expanding Reamer. — A reamer having a device that can be expandinl aftiT its in- 
sertion in a hole so as to make an undercut. 

Flat Reamer. — A tapered, flat bit with chisel cutting cnlgc's. 

Fluted Reamer. — Same as “Common Ili'ainer,” qj\ 

Hand Reamer. — A reaming machine operat^Hl by hand. 

Post Reamer. — Same as “Post-hole Auger,” q.v. 

Ratchet Reamer. — ^A reamer rotat<xl by a ratchet mt'chanism. 

Reaming. — Cutting with a reamer in order to cmlarge rivet hole's in stc'el. 

Reaming-bit. — The cutting tool usc'd with a n^aming machine. 

Reaming Iron. — A round, tapering tool with cutting edges for c'nlarging rivet holes. 
A reamcT. An iron tool used to open the scams between planks, so that they 
may be more n*adily calk(*d. 

Rebate. — Same as “Rabbet,” q.v. 

Recarburization. — ^The adding of carbon in some form to metal partially decarbiirized 
in some steolmaking proc(!Ss in order to obtain the propi'r percentage of carbon 
in the finished product. 

Receiving Valve.-«ee “Valve.” 

Reciprocal. — The quotient resulting from the dividing of unity by any quantity is the 
reciprocal of that quantity. 

Reciprocate. — ^To move altcrnat(?ly back and forth. 

Reconnoisance. — \ pn^liminary investigation in the field for an enginc'ering project. 

Rectangle. — A plane, four-sided figure having four right angle's and the opposite sides 
equal and parallel. 

Rectangular Coordinates. — Sec “Coordinates.” 

Red Lead.-^ee “Lead.” 

Red Ochre.-See “Ochre.” 

Red Short. — ^A condition of brittleness in iron at red heat. 

Red Short Iron. — See “Iron.” 

Reduced Load Contour. — A graphical means of representing the combination of differ- 
ent loads coming upon a structure, so as to give the value of the combination at 
any point by the onlinate to a curve known as the “Reduced load contour.” 

Reduced Scale. — See “Scale.” 

Reducer. — ^A pipe coupling for joining pipes of diffenmt sizes. 

Reduction. — ^The production of metal from ore. Lessening in size. 
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Redundant Member.— See '^Member.” 

Reef Knot. — See ** Knot.'* 

Reel. — cylindrical drum, spool, or frame upon which is wound a rope, chain, or hose. 

Reentrant Angle. — See Angle." 

Reeve. — ^To pass a rope through a pulley block or an eye. 

Reference Hub. — See "Hub." 

Referencing. — ^A method of fixing the location of a line or point by measuring from it 
to some permanent object and recording such measuring for future recovery of 
the said line or point. 

Refined Iron. — See "Iron." 

Refuge-bays. — Platforms built on the side of a trestle or bridge so that men and hand- 
cars can be gotten out of the way of approaching trains. Also vertical recesses, 
large enough for several men to stand up in, left in the side of a wall adjoining a 
railroad track. 

Refiisal of Piles. — Sec "Piles." 

Regenerative Furnace. — See "Furnace.” 

Regular Course. — See "Course." 

Regular Curve. — See "Curve.” 

Re-heating. — Heating a second time; used in tempering steel. 

Reinforced Concrete. — See "Concrete.” 

Reinforced Concrete Fioor. — Sec "Floor." 

Reinforcing Bar. — See "Bar." 

Reinforcing Plate. — See "Plate." 

Relaying Rails.— Sec "Rail." 

Relieving Arch. — See "Arch." 

Render. — Same as " Reeve," g.v. 

Repair Link.—Soe "Link." 

Repeated Stress. — See * Stress." 

Rephosphorization. — ^Adding phosphorus when too much has been removed during the 
manufacture of steel. 

Replacing Switch. — See "Switch." 

Repose. — Inaction. Rest. 

Angle of Repose. — ^The angle of inclination to the horizontal of an inclined plane on 
which a body will be just upon the verge of motion. 

Re-railing Guard. — Sec "Guard." 

Reset. — ^To place in position a second time. The second set in mortar which has been 
disturbed aftei setting up the first time. 

Residual. — Pertaining to or having the nature of a residuum. Remaining when all 
required constituents have been removed. 

Residual Deformation. — See "Deformation." 

Residual Shear. — See "Shear." 

Resilience. — ^Thc amount of energy which can be stored in an elastic body, up to a given 
stress per square inch, and which can be given out again by the body as useful 
work. 

Coefficient of Resilience. — ^Thc amount of energy absorbed per unit volume of the 
body. This is affected by the class of deformation whether axial, bending, or tor- 
sional; hence there are three kinds of coefficients of resilience. 

Work of Resilience. — See "Work." 

Resiliency. — ^^Fhe property possessed by an clastic body of absorbing energy as it is 
deformed and n^tuming same when released. 

Resilient.-:-Having resiliency. 

Resistance. — ^The passive opposition or reaction to any action. 

Axis of Resistance. — A line connecting the centres of resistance of successive sections 
of a member. 
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Resistance. 

Bond Resistance. — ^Thc resistance offered to the slipping of a reinforcing bar when 
imbinlded in concrete. 

Centre of Resistance. — ^The point of application of the resultant of all the resisting 
forces. 

Electrical Resistance. — That property of a body or conductor by virtue of which 
the passage of an electric current is opposed. 

Line of Resistance. — Same as “Axis of Resistance,” q,v. 

Moment of Resistance. — The sum of the moments of all the resisting forces at a 
section of a member. 

Tensile Resistance. — ^^Fhe ability of a member to resist elongation. 

Ultimate Resistance. — The greatest nisistance that a body can develop. 

Uniform Resistance. — ^Resistance that is uniform over the whole cross-section. 

Resistance Box. — Se<^ “ Box.” 

Resistance Coil. — coil of wire which offers a definite resistance to the passage of an 
electric current. 

Resistance of Materials. — ^That property of bodies, due to molecular forces, by virtue 
of which they oppose the disphicement of their molecules. The resistance; which 
a body offers to distortion, or to deformation by an external force. Also called the 
strength of materials. This term is also applied to that branch of mechanics which 
deals with the phenomena of resistance. 

Resisting Moment.-^ee “ Moment.” 

Resolution. — ^l^he resolving of forces into their components. 

Resolve. — ^To analyze a force into its sc;veral coin{>onent forces according to the prin- 
ciple of the “Parallelogram of Forces,” g.i;. 

Restitution. — ^Thc ability of an elastic body to recover from deformation due to 
impact. 

Coefficient of Restitution. — ^Thc ratio of the total momentum after impact, to the 
total momentum before impact, in a system of colliding bodies. 

Restoring of Steel. — See “Steel.” 

Rest Pier. — See “Pier.” 

Resultant* or Resultant Force. — ^A dircKsted force having an effect equivalent to that 
of two or more other directed forces. 

Resultant Stress. — See “Stress.” 

Retaining Wall.— See “Wall.” 

Retardation. — A decreasing of velocity, opposed to acceleration of velocity. Sometimes 
termed negative acceleration. 

Re-tempering of Mortar. — See “Mortar.” 

Reticular. — Formed like a net; network. 

Reticulated Bond. — See “Bond.” 

Return. — ^Tho t(;rmination of the drip-stone or hood-moulding of a door or window. 
A 180 degree bend in a pipe or conduit. 

Reverberatory Furnace. — See “Furnace.” 

Reversal. — A change to the opposite kind, sign, jiole, or direction. 

Reversal of Stress. — See “Stress.” 

Reverse Curve. — Scie “Curve.” 

Revet. — ^To face the bank of a stream with wood, mattress, stone, or concrete to prevent 
erosion. 

Revetment. — ^The facing of wood, mattress, stone, or concrete placed to prevent erosion. 

Revolving Draw Bridge. — See “Bridge.” 

Rheostat. — ^An electrical instrument for regulating the amount of resistance in a 
circuit. 

Rib. — An extra and cxtf;mal portion of a body giving it additional strength and stiffness. 
The truss or girder of an arch bridge. 
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Rib. 

Arch Rib.-Sec “Arch.” 

Jack Rib. — Same as “Jack Rafter,” q.v. 


Stiffening Rib. — A rib run longitudinally along the curved trusses in a wooden bridge. 
Also the webs in a shoe, casting, or baseplate. 

Rib-shortening. — ^Thc contraction in an arch rib due to the axial stn*^ set up by the 
loading or by a rise in temperature. 

Rich Lime. — Sec “Lime.” 

Rig. — ^I'o fit out with what is needed. To put a machine in condition for using. 

Rigging- — The ropes, pull(^y-blocks, etc. needed to fit out a derrick or similar machine. 

Right Arch.~Sec “Arch.” 

Right Forward. — 'Phe American m('tho<l of building a skew arch by constructing a 
number of short right arches adjoining each othcT, each one springing from a 
skewback which is ahead of or back of its neighbor. This is to avoid the use of 
spiral joints between the voussoirs, a construction which prevails in European 
practice. 

Right-handed Nut. — ^Any nut having a right-handed thread. 

Right-handed Screw. — See “Screw.” 

Right-handed Thread. — See “Thread.” 

Righting Moment. — Se(i “Moment.” 

Right-line Formula. — K column formula in which the allowable unit working stress is 


made to vary as the first power of —thus — 


V 


= a 


1 1 


r 


where p = allowable working stn'ss, 

a — allowable unit stress for short columns, 

6 a constant. 

I = length, 

and r = the k^sist radius of gyration. 

Right of Way. — ^^Pho land or water rights necc'ssary for the roadway and its accessories. 
Rigid. — Resisting change of form; stiff; firm; not pliant or flexible. 

Rigid Body. — ^A Iwxly possessing rigidity or stiffness. 

Rigidity . — ^The quality of being rigid or resistant to distortion. 

Relative Rigidity. — A comparison of the rigidities of two bodies. 

Rim Bearing. — Sec “Bearing.” 

Rim-bearing Draw. — Sec “Draw.” 

Rim-bearing Turntable. — See “Turntable.” 

Rim Saw. — Sec “Saw.” 

Rind-gall.— A defect in timber due to a bruise in the bark that causes a hard spot in 
the wood to which the succeeding layers of w'ood do not adheri'. 

Ring. — ^A solid generated by the revolution of a closed curve about an axis in the piano 
of the said curve, but lying outside thereof. 

Arch ring. — Si»e “Arch.” 

Guy Ring. — ^A ring attachment on a derrick, etc., for connecting guy lines. 

Packing Ring. — An elastic metallic ring used for packing the piston of an engine. 
Pile Ring. — Same as “Pile Band,” q,v. 

Ring Bolt. — Same as “Eye Bolt,” See “Bolt.” 

Ring Chain. — ^A chain having rings at the ends and often one or more intermediate 
ones. 

Ring Course. — Sec “Course.” 

Ring Dog.-^ “Dog.” 

Ring Dolly.— Sec “Dolly.” 

Ring Heart.— See “Heart.” 
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Ring Joint. — See '‘Joint.” 

Ring Sliake.--Sec “Shake.” 

Ring Stones.— Same as “ Voussoirs,” q,v. 

Riprap. — facing of stone, concrete, or planks placed on the bank slope of a stream 
or around a pier to prevent erosion. 

Rip Saw. — ScHi “Saw.” 

Rise. — ^l^bc vertical distance between two treads in a stairway. 

Rise of an Arch. — Sec “Arch.” 

Risers in Moulds. — An excess of metal above the casting proper. Its ])urpose is to 
keep the mould full while the metal is hardening. 

River Gravel. — Smooth, rounded stones, varying in size from sand particles to pc^bbk^s 
several inches in diameteT. 

Rivet. — A short iron or soft steel rod with a head at one end. It is heated and put 
into a proper hole, and the other end is hammered down until a suitable head is 
formed. 

Calked Rivet. — A rivet which has not been properly driven so as to fit tightly in the 
hole, but to which a seeming tightness has been given by turning the edge of the 
head und(T with a cold cut or similar tool. 

Countersunk Rivet. — A rivet used in coimtorsunk holes in which the i)oint, while 
hot, is hammered down to fill the countersinking. 

Field Rivet.— A rivet driven in the field during the erection of a steel structure. 

Flat-head Rivet. — A rivet which has the point hammered flat instead of rounding. 

Grip of Rivet. — The thickness of the plates or parts through which the rivet passes. 

Pitch of Rivets. — ^The distance between the centres of adjacent rivets in the same line. 

Plugged Rivet. — Same as “Calked Rivets,” g.e. 

Shop Rivets. — A rivet driven in the shop. 

Snap-head Rivet. — k rivet having its head formed by a snap. 

Stitch Rivets. — ^Rivets placed at intervals between two component parts to hold 
them together and give lateral stiffness. 

Rivet Cutter. — See “Cutter.” 

Riveted Girder. — See “Girder.” 

Riveted Joint. — See “Joint.” 

Riveted Truss. — See “Truss.” 

Riveter. — One who drives rivets. A riveting machine. 

Air Riveter. — ^A riveting machine which is operated by compressed air. 

Alligator Riveter. — A jaw riv<?t<T worked by the action of a cam, used in shopwork. 

Bull Riveter. — ^A form of stationary, yoke riveter set in a vertical position and having 
a large air cylinder at the end of one of the arms. The piston moves with a short 
stroke in a horizontal direction and the former on the end of the piston rod upsets 
the shank and forms the head in one movement of the piston. 

Horseshoe Riveter. — A form of yoke riveter hung from a travelling crane, so as to 
be readily moved about the shop to reach different parts of a job. 

Hydraulic Riveter. — A riveting machine operated by water under pressure. 

Pneumatic Riveter. — Same as “Air Riveter,” q.v. 

Steam Riveter. — ^A shop riveter driven by steam. 

Toggle Riveter. — ^A riveting machine using a toggle mechanism to give the pressure 
required to upset the stem and form the rivet head. 

Yoke Riveter. — ^A machine riveter in which the hammer is attached to one end of 
an elongated, narrow yoke and to the anvil at the other, the yoke permitting the 
reaching of rivets remote from the edge of the plates to be riveted. 

Rivet Forge. — See “Forge.” 

Rivet Hammer.— See “Hammer.” 

Rivet-hole. — ^The hole through which a rivet is driven or to be driven. 

Riveting. — ^The fastening of plates or parts together by means of rivets. 
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Rivetini;. 

Butt Riveting. — ^Thc making of a butt-joint by using cross-plates and rivets. 

Chain Riveting. — A term applied to riveting where the rivets in the second or suc- 
ceeding rows are placed directly back of those in the first row or preceding 
rows. 

Cross Riveting. — Same as ^'Staggered Riveting/’ q.v. 

Double Riveting. — term applied to riveted joints in which a double row of stag- 
gered rivets is used for a lap joint and two double rows for a butt joint — one double 
row on each side of the joint. 

Hand Riveting. — Driving rivets by hand. 

Lap Riveting. — ^The making of a lap-joint by using rivets to fasten the overlapping 
ends of the plates. 

Single Riveting. — A term applied to lap-joints in which one row of rivets only is 
used to fasten the plates. 

Staggered Riveting* or Zigzag Riveting. — ^Rivets set in zigzag order, or so spaced that 
the rivets in one row arc opposite the centres of the spaces of the adjoining rows. 

Riveting Burr. — See “Burr.” 

Riveting Gang. — See '^Gang.* 

Riveting Gun.— Sec “Gun.” 

Riveting Kit.— See “Kit.” 

Rivet Rod.— S<H^ “Rod.” 

Rivet Set. — Same as “Rivet Snap.” Sec “Snap.” 

Rivet Snap.— See “Snap.” 

Rivet Steel. — Sec “Steel.” 

Rivet-stem. — The shank or that portion of the rivet under the head. 

Rivet Tongs. — ^Tongs usc^d by field riveters for throwing and placing hot rivets. 

Road-bed. — In railroading the finished surface of the rosidway on which the ballast and 
track rest. In highways that of the roadway which receives either the concrete 
base or the broken stone. 

Road Roller.— ScM^ “Roiler.” 

Roadway. — That part of the road over which the vehicles pass. 

Clear Roadway. — The horizontal distance, measurcKl pcTpendicularly to the plane of 
the trusses, between the inner edges of the batter braces. Sometimes measured 
between the faces of curbs or guard rails. 

Rock Drill.— S(?e “Drill.” 

Rocker. — ^A cast ing or built-up steel frame fastened to the end of a truss or column to 
permit of a slight rotation. 

Rocker-arm. — ^An arm on a rock shaft, as in the valve mechanism of a steam engine. 

Rocker Bearing. — Sec “ Bearing.” 

Rocker Bent. — See “ Bent.” 

Rocker End. — 1'he end of a truss or column resting on a rocker. 

Rock-faced Dressing. — See “ Dressing.” 

Rock Movement. — A slipping movement of a lodge of rock, usually caused by water 
in the horizontal seams. 

Rock Shalt.— See “Shaft.” 

Rock Work. — ^A general term for “Masonry,” q,v. Also sec “Work.” 

Rod. — ^A long, round pii'ce, strip, or bar of metal. A surveyor’s tool for finding the 
difference in elevation between two points, used in connection with a level. As 
ordinarily constructed, it consists of two flat strips of wood, arranged to slide upon 
each other and having the exposed faces graduated into feet and tenths, or in 
some cases, feet, inches, and fractions of an inch. 

Architect’s Rod. — ^A very light and simple sliding level rod having two equal parts 
each seven-eighths of an inch square. When closed it is about five and a half feet 
long. It carries a target and is graduated into feet, inches, and fractions of inches. 



2058 BRIDGE ENGINEERING Chapter LXXX 

Rod. 

Beam Trussing Rods. — ^Rods which arc nm beneath the tension side of a beam to 
form, in connection with one or more struts, a system of trussing to strengthen 
the said beam. 

Boston Rod. — A hwoling rod in which the targe^t is fixed to the sliding part of the 
rod. This is raised or lowenxl by the rodman until the target is in the line of 
sight, then clamped and read by the rodman by means of a scale on its face. 

Connecting Rod. — steed rod connecting the cross-head and the crankpin in an engine. 

Cross-section Rod. — A rod for measuring horizontal distance's. OraduatcMl in feet 
and tenths, with the figures so placed as to bo read easily when rod is horizontal. 
It is provideni with a level bulb so that it can bo le veil'd. 

Eccentric Rod. — The main connecting link by which the; motion of an eccentric is 
transformed and transfem'd. 

Giasticutus Rod. — A t erm (perhaps unauthorized, but formerly in common use among 
bridge builders) to denote a small horizontal rod connecting the middle points of 
two adjacemt posts of the same truss, for the professed purpose of fixing or holding 
the posts at the middle in order that they may be figured for half length. The 
benefit derived therc'from is mon; imaginary than n'al. 

King Rod . — An iron rod used to fake the place of a king post. 

Lateral Rod. — A tension diagonal of a lateral system. 

Leveling Rod. — A surveyor’s graduati'd rod. See “Rod.” 

Metric Rod. — A level nxl graduated in mciters and dc'eimal parts thereof. 

Now York Rod. — A level rod having two sliding parts and a movable; target. It is 
engine-divided into fec*t aiwl decimal parts thereof, 'riic' griuliiations are fine lines 
burned into the hard wood and can be n'ad din'ct. only for v(»ry short sights, thus 
necessitating the; s(;tting of the target. This rod is used for precise work. 

Philadelphia Rod.— A level rod having two sliding parts and a movable target. The 
graduations .are painted on as well as the numbers; and the rod can, thc'n*fon», 
be read at considerable distances without setting the target. Where great pn'- 
cision is not requiml, this rod is well adaptc'd for rapid work. 

Piston Rod. — ^A steel rod coniu'cting the piston with the cross-head of an engine. 

Plain Rod. — A level rod made of one piece of wood with figures on one side and 
graduated in feet and decimal parts thereof. 

Portal Rod. — A tension member in the portal bracing of a tniss. This is an anti- 
quated type of construction. 

Radial Rod. — ^A rod connecting the roller of a rim-bearing draw-span with the centre 
casting. 

Rivet Rod.^A bar of soft iron or steel from which rivc'ts an; made. 

Sounding Rod. — A rod or pipe used for making soundings by pushing or driving it 
into the soil. 

Spider Rod. — Same as “Radial Rod,” q.v. 

Stadia Rod. — A rral dividcxl into fc'ct and tenths with special markings which are 
visible at long distances. It is used in connc'ction with the stadia wires of the 
transit to read distances din;ctly. Sometimes a l(;vf;l rod is employ(;d as a stadia 
rod. Special stadia nxls are fn;quently tc'rmc'd stadia boanls. 

Stay Rod. — A stiffening rod used in the interior of a boilf;r or cylinder. 

Suspension Rod. — One of the rods attached to the cable of a susp(;n8ion bridge to 
support the floor system. 

Sway Rod. — ^Any rod used for sway-bracing. 

Telemeter Rod. — Same as “Stadia Rod,” q.v. 

Tension Rod. — Any rod subjected to tension. 

Tie Rod. — A rod connecting two parts of a structure. The tension rod in a wooden 
Howe truss bridge. Also a bar or rod used to connect the two rails in a railway 
track to prevent their spreading. 
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Rod. 

Troy Rod. — levd rod made of two sliding pieces and carrying two targets, one on 
the top and the other on the bottom, the upper target being fixed to the extension 
member and the lower target arranged to move on the main rod. 

Truss Rod. — rod used for trussing or bracing a beam, also called Hog Chain. 
Any rod employed as a part of a truss. 

Upset Rod. — ^A rod having one or both of its ends enlarged by an upsetting process. 

Vibration Rod. — ^A tension diagonal for vertical or portal sway-bracing used in light 
highway bridges. Such bracing is far inferior to rigid sway-bracing. 

Rodman. — ^I'he man in a level party who carries and manipulates the level rod. 

Rolled Beam. — See '^Beam.” 

Rolled Channel. — Sec Channel.” 

Rolled Iron. — Scjc “Iron.” 

Rolled Pile.— Sec “PUe.” 

Rolled Steel.— See “Steel.” 

Roller. — ^Any short, round bar put under an object to facilitate its movement. 

Conical Roller. — ^A cone-shaped roller placcnl under an object in order to provide 
for its rotating motion. IJsihI under rim-bearing swing spans. 

Expansion Rollers. — A group of stc<d cylindc^rs nested in a box or suitable frame 
placed und(;r the shoe of a span to facilitate its movement during temperature 
changes and loading. 

Friction Rollers. — ^Rollers placed between moving bodies or around a revolving shaft 
to reduce the friction. 

Guide Rollers. — A roller on a fixed axle serving as a guide to anything passing along 
in contact with it. 

Indentation Roller. — ^A hand tool for roughening concrete surfaces, consisting of a 
roller with teeth mountcnl in a frame attachcnl to a handle. 

Road Roller. — ^A heavy steam or horse roller used in the construction of macadamized 
roiids and pavements. 

Segmental Roller. — A roller composcHl of two opposing circular segments and an 
intermediate connc'cting web; used.under bridge-shoes. 

Roller-and-thimble Chain. — Sec “Chain.” 

Roller Bascule.-See “Bascule.” 

Roller Bearing. — See “Bearing.” 

Roller-bearing Bascule. — See “Bascide.” 

Roller Box» or Roller Frame. — See “Box.” 

Roller Plate.— See “Plate.” 

Rolling Draw Bridge. — Same as “Pull-back Draw Bridge.” See “Bridge.” 

Rolling Friction. — Sec “Friction.” 

Rolling Hitch Knot. — Sec “Knot.” 

Rolling Lift Bridge. — Sec “Bridge.” 

Rolling Load. — Same as “Moving Load.” See “Load.” 

Rolling Mill. — Same as “Mill,” q.v. 

Rolling Stock. — ^All of the various classes of cars and engines used on a railroad. 

RoU Rack.— See “Rack.” 

Rolls. — ^A machine consisting of several rollers, mounted in a frame, having inter- 
meshing g(;ars producing a positive motion; used in shaping steel ingots into bars, 
beams, angles, etc. 

Puddle Rolls. — ^A machine having heavy, grooved rollers, between which lumps of 
plastic iron, taken direct from the puddling furnace and hammered into rough 
bars, are first rolled. 

Straightening Rolls. — ^Rolls in a steel mill used for rcroUing bars, beams, channels, 
etc., which had been bent during manufacture. 

Roman Cement. — See “Cement.” 
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Roof Tniss.--^ “Truss.” 

Root of Gear Tooth. — See “Tooth.” 

Rope. — Strands of wire, hemp, cotton, flax, etc., twisted in a smooth, flexible cord of 
at least one-half inch in diameter. 

Guide Ropes. — Ropes used as guides for a hoisting cage. 

Guy Rope. — A rope used as a guy-line, q,v. 

Hoisting-cable Rope. — wire rope roven through a suspended block or a fixe^d 
block in the top of a mast of a derrick and fastened to the drum of a hoisting engine. 
Used to raise weights. 

Manila Rope. — Rope made from the fibre of the Musa fexiUis^ a tall pc^rennial herb 
of the same genus as the banana, which grows in the Philippine Islands. 

Sisal Rope. — ^Ropc made from sisal hemp. 

Standing Rope. — A rope fastened permanently, as a guy for a derrick. 

Wire Rope. — A rope made of small strands of twisted wire often with a cotton or 
hemp centre. 

Rope Bridge. — See “Bridge.” 

Rope Clamp. — See “Clamp.” 

Rope Guard. — Sec “Guard.” 

Rope Lashing. — See “Lashing.” 

Rope Sling. — See “Sling.” 

Rose Bit.— Set^ “Bit.” 

Rose Drill.— See “Drill.” 

Rose Jet.— See “Jet.” 

Rosendale Cement. — See “Cement.” 

Rosette. — ^An ornamental device resembling a rose in bloom. 

Rot. — Decay, decomposition. 

Dry Rot. — ^A decay affecting dry timber, caused by a fungus growth. 

Wet Rot. — K decay affecting timber, caused by alternate wetting and drying. 
Rotary Crane. — See “Crane.” 

Rotary Furance. — See “Furnace.” 

Rotary Pump. — Sec “Pump.” 

Rotating Draw. — Same as “Revolving Draw Bridge.” See “Bridge.” 

Rotating DriU.— See “Drill.” 

Rotation. — ^Turning around on an axis or centre. Rotary motion. 

Axis of Rotation. — A line passing through the centre of rotation and perpendicular 
to the plane of rotation. 

Centre of Rotation. — ^The point of a rotating body which remains at rest while all 
the other points revolve around it. 

Negative Rotation. — ^Rotation in a direction opposite to that of the hands of a clock. 
Positive Rotation. — ^Rotation in the same direction as that of the hands of a clock. 
Rotten Knot. — See “Knot.” 

Rough Ashlar.— See “Ashlar.” 

Rough Dressing. — Sec “Dressing.” 

Rougher. — ^A man or a machine that does the preliminary work or roughing out of an 
object. 

Rough Finish.— Sec “Finish.” 

Rough-pointed Dressing. — See “Dressing.” 

Round Knot. — Sec “Knot.” 

Round PUe.^Scc “Pile.” 

Rounds. — ^Round bars in the bracing system of a highway bridge. The rungs of a 
ladder. 

Round Turn and a Half Hitch. — See “Knot.” 

Rowlock Bond. — Sec “Bond.” 

Rubbed Dressing.— See “Dressing.” 



GLOSSABY OF TERMS 


2061 


Rubbed Stone. — Same as Rubbed Dressing. See Dressing.” 

Rubber. — man or a machine that smooths stone. An clastic gum. 

Kneaded Rubber. — pliable eraser used to clean drawings. 

Rubber Hose.— Sec “Hose.” 

Rubber Packing. — See “Packing.” 

Rubble. — Rough, broken, one-man-size stone used in rubble masonry. 

Broken Coursed Rubble, or Broken Range Rubble. — ^Rubble masonry laid in partial 
coursers and having abrupt changes in thickness thereof. 

Coursed Rubble. — ^Rubble masonry laid in courses which may or may not vary in 
thickness. 

Random Rubble or Uncoursed Rubble. — ^Rubble masonry laid up without regard to 
course's. 

Rubble Masonry, or Rubble Work. — See “Masonry.” 

Ruff. — An annular ridge formed on a shaft or other piece, commonly at a journal, to 
prevent motion endwise. 

Rule. — A flat, straight stick or strip of metal graduated into linear units for convenience 
in measuring or laying off distances. 

Shrink Rule. —A rule having slightly exaggeratcnl divisions (an excess of one-eighth 
of an inch in twelve inches) to compensate for the shrinkage of metal in cooling. 
Used by pattern makers. 

Slide Rule.— See “Slide-rule.” 

Rule Joint. — Se(? “Joint.” 

Run or Runway. — A line of planks laid down for wheeling or walking over. Used by 
constructors. 

Rundle. — The st('p of a ladder. Same as round. 

Rung. — 'Fhe lound or step in a hwlder. 

Rung-head. — ^Thc upper end of a floor t imber. 

Runner. — In foundry prju!tice, the channed thnnigh which molten metal is run into the 
mould. 

Running Block. — See “Block.” 

Running-expense. — Expenditures incurred during the operation of the plant or stnic- 
ture only. They are equal to the sum of operation and maintenance outlays. 

Runiling Hitch. — ^A fonn of “Running Knot.” See “Knot.” 

Running Knot. — S cm? “ Knot.” 

Run-off. — ^The water which flows from a drainage basin. 

Runway. — A passageway. Also s<h? “Run.” 

Rupture. — ^^Fo bn'ak apart.. The act of breaking apart. 

Angle of Rupture. — ^The angle made with the transverse axis by the break in a test 
piece. 

Joint of Rupture. — ^That joint in a voussoir arch for which the tendency to open at 
the ('xtrjwlos is the gn?atest. 

Modulus of Rupture. — ^The unit stress at which a pieces fails. 

Plane of Rupture. — ^The plane along which failure occurs. 

Rupture Line. — See “Line.” ' , * 

Rust. — An oxidization of a metal. 

Iron Rust. — ^l^'he oxide of iron. 

Rust Cement. — Sec “Cement.” 

Rustic or Rusticated Dressing. — See “Dressing.” 

Rust Joint. — See “Joint.” 


S 

Sack. — ^A bag. To discharge an employee. 

Gunny-sack. — ^A bag made of coarse, heavy sacking of jute or hemp. 
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Saddle. — block having its top hollowed for carrying a rounded member. A block 
at the top of the tower of a suspension bridge over which pass the suspension 
cables or chains. 

Saddle Head.— Sec ^^Hcad.’’ 

Saddle Joint. — Sih? “Joint.” 

Safe Load.— See “Lomi.” 

Safety-factor. — I'lici ratio of ultimate load to the greatest allowable working load. 
This term is losing favor with engineers, as it« use has been abused. Then; is no 
such thing iis a factor of safety for a well proportioned bridge, for each member 
should hav(' an inti^iisity of working stress pn)portional to the character and amount 
of work which it has to perform. This is best accomplished by adding to the live 
load slix'ss a certain varying proi)ortion thereof to allow for the effect of impact. 

Safety Rail. — A guanl rail, qjv. 

Safety-stop. — An automatic device on a hoisting apparatus designed to prevent the 
machine from falling in cjisc the ropes or the miichinery should break. 

Sag. — ^^rhe greatest deviation from a straight line joining its ends which a flexible body 
undergoes, such as a rope or a (;hain. 

Sal-ammoniac. — Commerical ammonium chloride. 

Salient. — A jiortion projecting beyond the general line; of the structure. 

Salt. — Chloride of sodium (NaCl). Used in mixing concn^tc; in freezing weathcT to 
lower the freezing point of the mixtun'. A compound of biisic and acid substance's. 

Salvage. — ^^Fhat portion of a structure or plant that can bo saved from dc'struction 
after having been usc'd. 

Salvage-value. — The price for which a st.nictun; or a plant is sold second-hand. 

Sampling-iron. — An iron bit or spoon for making a hole in a barn;! and pulling out a 
sample of the contents. Used by cc*ment testers. 

Sand. — Brok<*n down, water worn, crystalline rocks of a size less than onivtc'nth of an 
inch in diameter. 

Coarse Sand. — Sand rejected by a number twemty sieve. 

Fine Sand. — ^A sjind containing more thsm thirty per cent of particles that will pass 
a No 4<) sieve. Usually undesirable for concrete. 

Green Sand. — A sand fn'sh from the pit. Unburned moulding sand. 

Iron Sand. — Sand containing considerable quantities of small partic^les of iron ore. 

Quick Sand. — A flue, smooth-grained sand. When W(;t, it is very unstable. 

Sharp Sand. — A sand having sharp-edged grains or particles. 

Slag Sand. — Slag ground to the consistency of sand and used to n;place sand for 
mortar or concrete. 

Sand-bag.'^A bag filled with sand, used to close a gap through which water is flowing. 

Sand Bar. — Sc*e “Bar.” 

Sand Bearing. — Sec “Bearing.” 

Sand-blast. — A device for projecting sand particles, at a high velocity, through a nozzle 
by means of compressed air. Used in cli^aning metal. 

Sand Briquettes. — See “Briquettes.” 

Sand Cement. — See “Cement.” 

Sand-hog. — ^A term applied to any laborer working under compressed air in the sinking 
of piers. 

Sand-hog House. — A housr; near the bridge site, used by sand-hogs between shifts. 

Sand Hoist» or Sand Lift. — Sec “Hoist.” 

Sand Pile.— See “Pile.” 

Sand Pump. — See “ Pump.” 

Sand Screen. — See “Screen.” 

Sand Sieve.— See “Sieve.” 

Sandstone. — Sf;e “Stone.” 

Sand Trap.— See “Trap.” 

Sandwich Glrder.-See “Girder.” 



GLOSSARY OF TERMS 2063 

Sap. — ^Thc fluid which circulates in phinis, trees and other vegetation. Also applied to 
moisture in newly quarried rock. Same as “Quarry Sap,” qjv. 

Sappy. — ^A condition of steel as indicated by the surface of fracture where the grains 
an; veiy coarse and bright. 

Sap Tie.— See “Tie.” 

Sap Wood.— Sec “Wood.” 

Sash Brace. — K horizontal member secured to the posts or piles of a bent between the 
cap and sill. 

Saw. — K cutting tool consisting of a thin blade or sheet of steel having teeth on one 
or both edges and handles or other attachments for giving it motion. 

Band Saw. — An endless, narrow band or ribbon of steel with a serrate<l edge, passing 
over two large whcM^ls which give it a continuous uniform motion instead of the 
reciprocating action of a jig-saw, also called a “belt saw” or “endless saw.” 

Buzz Saw. — K circular saw; so called from its sound when in action. 

Circular Saw. — A thin circular plate of steel, with teeth cut in the edge, mounted 
on a shaft and rotated at a high speed. 

Cold Saw. — A toothless, soft-iron disk rotating at a high speed, used in mills for 
cutting steel beams. 

Cross-cut Saw. — A saw adapted by the filing and setting of its teeth to cut across 
the grain of the wood. 

Hack Saw. — A small frame hand saw having a narrow blailc; with fine tec;th set 
close togeth(T and well tempered. Used for sawing mentals. 

Hand Saw. — A saw consisting of a blade of sten^l with a se^rrated cnlgc*, and having 
a handle at one end adapted for use by one hand. 

Hot Saw, or Iron Saw. — A circular saw for hot ste'el or iron shapes. 

Jig Saw. — K reciprocating sawing machine having a narrow vcTlical blade set in a 
frame which has an oscillating motion. 

Metal Saw. — A saw having a blade tempered hard enough to cut metals. 

Pit Saw. — ^A larger hand saw worked vertically by two men, one of wdiom (the pitman) 
stanels in a pit. 

Rail Saw.— A saw used at the mills for cutting rails. 

Rim Saw. — A type of circular saw in which the tee;th are a part of a detachable ring 
that is mounted on a ce*ntral disk. 

Rip Saw. — \ saw having teeth with small set and large rake used for sawing along 
the grain of tiinbcT. 

Stone Saw. — ^A tool or machine for cutting stone, consisting of a flat blade of iron 
having a recifirocating motion, and fed with sand by a stre^am of water, the sand 
doing the cutting. 

Wide Cross-cut Saw. — ^A cross-cut saw with a long, wide; blade having a hanellc on 
I'ach enel so that it e!an be ope‘rated by two ine'ii. 

Scab. — A plank used in making a splice* between two timbers. 

Iron Scab. — A se;ab or scab-plate made of iron. 

Scabbed. — The conelition of being joined by a scab or scabs. 

Scabbing Hammer. — Se;e “Hammer.” 

Scabbled Dressing. — ^A form of “Masonry Dressing.” See “Dressing.” 

Scab Plate. — Same as “Scab,” g.v. 

Scaffold. — \ temporary platform or staging for supporting workmen during the building 

I of a stnicture. 

Swinging Scaffold« — A scaffold hung on ropes fastened to overhead supports. 

Scaffolding. — K general term covering all the scaffolds on a job. 

Scale. — ^A graduated stick of wood or metal for measuring or laying off distances. To 
measure with a scale. The ratio of the linear dimensions of a drawing to the cor- 
responding dimensions of the actual object so represented. A coating of oxide 
which forms on the surface of heated metal. 

Architects* Scale. — A scale in which the units are divided duodecimally. 
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Scale. 

Engineers’ Scale. — A scale in which the units are divided decimally. 

Enlarged Scale. — An oversiziMl delineation of an object. 

Exaggerated Scale Drawing. — A drawing on which two scales are used, as a railroad 
profile. But little used by bridge engineers. 

Flat Scale. — A scale made on a flat stick, strip of metal, or cardboard. 

Hammer Scale. — A scale of oxide wliich forms on bars when la^at-c'd. 

Iron Scale. —A loose coating of oxide which forms on hcatinl iron during tin* process 
of forging. 

Natural Scale. — ^A full-sized delineation of an object. Sometimi^s used for *^Unex- 
aggeratixl Scale.” 

Reduced Scale. — An undersized chdinc^ation of an object. 

Triangular Scale. — A scak^ made on a triangular shaped slick, permitting of six dif- 
ferent sets of graduations. 

Unexaggerated Scale. — ^A term used to denote that the scale used in making a drawing 
is the same in all directions. 

Scaling Hammer. — S<m» “Hammer.” 

Scarf Joint. — See “Joint.” 

Scarf Weld.— See “Weld.” 

Scarp. — A ste(*p slope*. 

Schedule-prices. — The prices stipulated in a contract for the* pe*rformance of labor or 
the furnishing of mate»rials at unit rates. C^allenl also “Unit l*rie*e's.” 

Schwedler Truss. — See “Truss.” 

Scoop. — A special type of bucket having a cutting edge on the fre)nt siele, used in 
dredging. A spado having the sieie*s tiu*iieHl up. 

Scoop Dredge. — See “Dredge.*’ 

Scooping. — ^''he act of elrc*elging with a scoop. 

Scotch. — ^To chip; to hack. To block, or prop up. 

Scour. — A clearing out or removal of silt and sand in the^ be»el of a stream by a strong 
current. To remove* such material in that maiine»r. 

Scow. — A flat-bottom boat. 

Dump Scow. — A drop-bottom scow from which material is elumpe*ei. 

Scrag. — ^To straighten a spring, e»tc., which has beem b(»nt, by pushing in the bulgo 
and releasing. 

Scrap. — Discarde*d material. Junk. 

Scraper. — A tool for scraping up loosened earth and hauling it away; drawn by horses 
or mules and guided by handle's attached to its rear. 

Scrap Iron.*— See “ Inm.” 

Scrap Pile. — A heap or a pile of junk. 

Scratch Awl. — See “Awl.” 

Screeds, or Screed-iron. — Strips of woe^d used for gauges for the flnish of plastering. An 
angle iron on legs, or other device, which, in concre^tc? work, is set on the? slab form 
to serve as a guide in forming the top of the slab. 

Screen. — ^A large? sieve; device for sifting and separating particles of different sizes. 

Sand Screen. — A sieve for sifting sand. 

Screening. — ^l^he act of sifting and s(*parating parti(?l(*8 by a scrci?n. Also applied to the 
material passing throu h th(? scn?en — generally us(?d in the plural. 

Granite Screenings. — Small particles of granite sc?r(?(?ned from the larger. 

Screw. — ^A cylindrical bar on which has been formed a helical projection or thread. 

Cap Screw. — A screw which has a square or h(*xiigonal head larger than the shank 
of the screw, thereby providing a shoulder for b(*uring. It is turned with a wrench. 

Female Screw. — ^A hollow cylinder having an interior thread. A nut. 

Guide Screw. — ^A screw for directing or regulating certain movements in machinery. 

Jack Screw. — Same as “Screw Jack.” Sec “Jack.” 
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Screw. 

Lag Screw. — A lorgc-eizcd wood screw with a square head larger than the shank for 
convenient turning with a wrench, and having a special thread to increase the 
holding power. 

Left-handed Screw. — screw having a left-handed thread. See “Thread.” 
Machine Screw. — ^A screw which has a straight shank and an enlarged head providing 
a shoulder for bearing. A slot in the head affords the means for turning with a 
screwdriver. 

Male Screw. — A screw having an oxtc'rior thread. 

Micrometer Screw. — Same as “Micrometer,” q.v. 

Right-handed Screw. — A screw having a right-hand thread. Sec “Thread.” 

Set Screw ^A type of screw similar to a cap screw but without a shoulder under 
the head and with a cup-shaped end for a bi^tter grip on the object. 
Square-threaded Screw. — ^Any scr(!W having square threads. 

Thumb Screw. — A senjw having flat wing-like projections on the head for convciiiicnce 
in turning with thumb and fingers. 

Wood Screw. — A sen^w having a tapering shank and cithiT a flat or a rounded head 
with a slot for turning by mc^ans of a screwdriver. 

Screw-adjustment. — An adjustment in which motion is provided by a screw. 

Screw Bolt. — Sec “ Bolt.” 

Screw Clamp. — S(jc “Clamp.” 

Screw Disc. — Seti “Disc.” 

Screw Dolly. — S(h* “Dolly.” 

Screw-end. —Thc‘ threaded end of a bolt. 

Screw Jack. — Same as “Jack Screw,” See “Jack.” 

Screw Stock. — Same txs “Die Stock.” See “Stock.”' 

Screw Pile.— See “Pil<‘.” 

Screw Thread. — TIkj thn'jwl on a screw. 

Screw Track-spike. — See “Spike.” 

Scribe. — ^To trim off the edge of a board, etc., so as to make it fit closely at all points 
to a certain line; to mark with a scriber. 

Scriber. — A sharp-pointed tool for marking metal. 

Scribing Awl.— S«'e “Awl.” 

Scrids. — Same as “Screeds.” 

Scurf. — ^To flake otT, or tlu' material which flakes off. Dross. 

Seam. — A crack in a badly rolh'd steel section. A erack or parting in rock. 

Crow-foot Seam. — vein in rock containing dark-colored, uncemented material. 
Dry Seam. —An open crac.k in a rock. 

Lap Seam.— A seam in which the separate parts extend over each other. 

Seasoning. — The proewNss of becoming fit for use, as lumber b(‘coming dry and hard 
through exposure. 

Seat Angle. — S('e “Angle.” 

Secant. — Any line cutting another line. A trigonometric function defimnl by the ratio 
of the hypot.henuse of a right-angled triangle to its base, in reference to the acute 
angle adjacent to the said base. 

Second-class Masonry. — See “Masonry.” 

Secondary Member. — See “Member.” 

Secondary Stress. — Sec “Stress.” 

Secondary Strut.— Sec “Strut.” 

Secondary Truss. — See “Truss.” 

Secondary Truss Member. — Sec “Member.” 

Second Set. — Sec “Set.” 

Section. — ^Thc trace on a secant plane made by the object cut. Sometimes improperly 
used for a member or segment thereof. 
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Section. 

Cross-section. — section mode by a secant plane perpendicular to the axis of the 
member, structure, or any construction. 

Dangerous Section. — ^That section or position where failure of a member is most 
likely to o(!Cur. 

Fracture Section. — ^The section at which failure occurs. 

Gross Section. — Same as “Total Section,” g.r. 

Horizontal Section. — A section made by a horizontal secant plane. 

Lateral Section. — section made by a secant plane parallel to the side of an 
object. 

Longitudinal Section. — A section made by the secant plane passing parallel to the 
long axis of the member. 

Meridian Section. — ^A section of a sphere made by a plane passing through and 
containing a diameter. 

Net Section. — Used improperly for the net an^a of a section; i. c., the available 
area of a member after the rivet-hole areas arc deducted. 

Star Section. — A section of a member having the shape of a four-pointixl st^ar. 

Transverse Section. — Same as “Cross-section,” q.v. 

Uniform Section. — ^The condition of having the same section for all parallel positions 
of the secant plane. 

Sectional Area. —See “Area.” 

Section-modulus. — ^The moment of inertia of the area of a section of a member divided 
by the distance from the centre of gravity to the* outmost fiber. 

Section Required. — ^'fhe section area of a member required properly to resist the total 
force acting on the said membcT. 

Sector. — ^That portion of a circle included between two radii and the subtend- 
ing arc. 

Sediment. — ^The fine? material which 8i'ftle,s to the bottom of water or other liquid. 

Seepage. — The oozing or percolation of water through a material. WatcT which has 
thus percolated. 

Segment. — That portion of a circle lying between an arc and its chonl. A ixirtion of 
a member. 

Track Segment. — ^A part or unit of a circular track used to carry the rollers of a rim- 
bearing draw-span. 

Segmental. — PcTtaining to a segment. 

Segmental Arch. — Sik) “Arch.” 

Segmental Roller. — See “Roller.” 

Seize. — ^To'bind a journal in its bearings by overheating. To fasten or bind by turns 
or windings of cord, line, or small rope. 

Self-hardening Steel. — Same as “ Mushet Steel,” q.v. 

Semaphore. — ^An apparatus for making signals with movable arms. 

Seml-cantilevering. — ^A method of erecting a span without falsework, by cantilevering 
from an adjacent span, or adjacent spans, or from a rock bluff by toggles, and 
afterward removing these so as to leave the structure as a simple span. 

Semi-circular. — PcTtaining to the half of a circle. 

Seml-lntrados. — Half of an intrados. Sec “Intrados.” 

Semi-polar Coordinates. — Sec Coordinate's. 

Separators. — Small, cast-iron, wheel-like blocks, used to separate stringers in trestles, 
or the timbers that form the chord sections of a Howe truss bridge. 

Set. — A condition of hardening exhibited by cement after mixing with water. The 
permanent change or deformation which a material subjected to stress undergoes 
when its elastic limit is exceeded. An outfit of tools. A tool for shaping rivet 
heads. 

Button Set. — A rivet set or snap, giving a button shape to the rivet head. 
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Set. 

Ftnal Set, or Hard Set. — ^The degree of hardening of cement mortar as determined 
by the non-penetration of the Vicat needle. 

Initial Set. — ^Thc beginning of the hardening process of cement mortar as determined 
by the Vicat needle. 

Permanent Set. — Same as “ Hard Set ” in cement, q,v. Also the residual deformation 
in a member when the load is removed. 

Rivet Set. — ^A tool for shaping the heads of rivets. Often called a snap. 

Second Set. — ^The hardening of mortar that has once partially hardened and which 
has been disturbed before getting its final set. 

Set Pin. — Same as “Dowel,” qju. 

Set Screw. — See “Screw.” 

Sewer Brick. — See “Brick.” 

Shackle. — ^A U-shaped attachment for large pulley-blocks replacing the customary 
hook. 

Anchor Shackle. — ^A bolt or clevis with two cyc^s and a screw bolt and key, used for 
securing a cable to the ring of an anchor; also employed for (;oupling chains. 

Splicing Shackle. — ^A shackle in the end of a length of chain through which the end 
of a rope is taken and spliced. 

Shackle Bar.— S(^c “Bar.” 

Shackle Joint. — Sec “Joint.” 

Shade. — A painter’s tenn descriptive of that difference between colors which results 
from a variation in luminosity only, the other color constants being essentially 
equal. 

Shaft. — ^A wc»ll-like opening, nearly or quite vertical, in cribs and caissons; used for 
hoisting material through or for the i^assagc^ of workmen. A long, cylindrical bar 
capable of rotating and transmitting torque. 

Air Shaft. — A tube, pipe, conduit, or passageway for conveying air. 

Cam Shaft. — A shaft on which a cam is mounted. 

Crank Shaft. — A shaft having one or more cranks attached. 

Driving Shaft. — A shaft from the driving wheel communicating motion to machinery. 

Excavating Shaft. — A shaft or hole through which excavation is carried on. 

Jack Shaft. — In nilling-mill machimTy, a shaft that takes the power from the engine 
shaft and transmits it by pinions and spindles to the rolls. 

Junction Shaft. — \ spindle in a rolling miU. 

Main Shaft. — A principal shaft used in the transmission of power. 

Pinion Shaft. — A shaft carrying a pinion for transmitting motion. 

Rock Shaft. — ^A shaft which makers part of a revolution each way instead of rotating 
continuously in the same direction. 

Supply Shaft. — A passageway in a crib and caisson for the transferring of supplies. 

Working Shaft.— A passageway in a crib and caisson for workmen. 

Worm Shaft. — The shaft or axle* psissing through a worm. 

Shaft Bearing. — See “Bearing.” 

Shaft Coupling. — See “Coupling.” 

Shafting. — A general term for a number of shafts connected up to form a system. 
Rounds used for making shafts. 

Cold-rolled Shafting. — Shafting on which the final rolling was done after the metal 
had somewhat cooled. 

Turned Shafting. — Shafting which has received its truing-iip and final finish by 
being turned in a lathe. 

Shafting Box. — Sec “Box.” 

Shakes. — Splits or checks in timber which usually cause a separation of the wood 
between the annular rings. 

Heart Shake. — ^A fissure in the heart of a timber due to growth. 
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Shakes. 

Ring Shake. — Samo as “Ring Heart,” q.v., except that the cleavage occurs nearer 
the bark. 

Shale. — A hard, elay-like formation having a fissile structure often shading off into slate. 
Shank. — ^That part of a tool connecting the handle with the working part. 

Shank Mortar-mixer Hoe. — See “Hoe.” 

Shank Street-hoe. — See “Hoe.” 

Shape. — Any i’oUchI beam or bar used in a stnicture. 

Shaper. — A machine tool for ])laning or finishing metal. 

Shape Steel. — Same as “Shape,” q.v. 

Sharp Sand. — See “Sand.” 

Shay Locomotive. — See “Locomotive.” 

Shear. — ^To slide one part of a body upon an adjacent part. The stress sot up In 
opposition to a shearing action. 

Counter Shear. — ^A shear in opposition to another shear. 

Double Shear. — A sliding on two different but paralkd planes. 

End Shear. — ^The shear at the c*nd of a bc‘am or girder. 

Longitudinal Shear. — A shear paralkd to thc^ longitudinal axis of a membcT. 
Negative Shear. — A relative term usually applied to a shear proilucing a downward 
motion. 

Positive Shear. — ^A relative tenii usually applied to a shear producing an upward 
motion. 

Residual Shear. — ^A pormanemt shear defonnation. 

Single Shear. — A sliding, or a tendency to slide, on one plane. 

Transverse Shear. — ^A shearing action paralkd to the transverse? axis of a body. 
Shear Diagram. — See “ Diagram.” 

Sheared Edge. — .\n edge of a i)late which htis been cut in a shearing machine. 

Sheared Plate.~See “ Plate.” 

Shearing Machine. — A machine for shearing metal, consisting of a movable jaw-cutter 
operating against a fixed cutting edge. 

Shearing Modulus of Elasticity. — See “Elasticity.” 

Shearing Strain. — Sec? “Strain.” 

Shearing Strength. — S(?e “Strength.” 

Shearing Stress. — S(?c “Stress.” 

Shears. — Same sus “ Shearing Machine,” q.v. 

Angle Shears. — shearing machine? ('spc^cially adapted for cutting angles. 

Hoisting Shears, or Sheers. — ^A support made of two timbc'is which cross each other 
near one end and arc pivoted so that they may be spread more or less. Used in 
hoisting gin poles. 

Shear Steel.— Sec “Steel.” 

Sheathing. — ^A covering or casing of planks. Uscul on caissons, cribs, and the hkc. 
Sheave. — A wh(‘el with a grooved face for carrying a n)i)e or cable. 

Derrick Sheaves. — The stationary sheaves in th(‘ miust. and boom of a derrick. 

Head Sheaves. — ^The sh(?avcs mounted on the hc*jul block of a pilc?-driver. 
Snatch-block Sheave. — ^I'he groov(?d wlieel in a snatch-block. 

Sheave-stand. — ^A frame or support for a sheave and its bearings. 

Sheep-shank. — See “ Knot.” 

Sheet-bend.— S(?e “Knot.” 

Sheet-bend with a Toggle. — See “Knot.” 

Sheeting. — Same as “Sheathing,” q.v. 

Sheet Iron. — Sec? “Iron.” 

Sheet Lead. — See “Lead.” 

Sheet Packing. — See “Packing.” 

Sheet Piles.-Scc “Pile.” 
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Sheet Piling. — See 'TilinR.” 

Shelf. — flat projection from a wall or column. 

Shelf Angle. — Same as a “Scat Angle.” See “Angle.” 

Shell. — A hollow cylinchir for piers. A casing. A framework not filled in. 

Shellac. — A gum made from a resinous exudation of an East Indian scale insect. When 
mixed with alcohol it forms a varnish which is much used in the arts and is termed 
“Shellac.” 

Shield. — A bulkhciMl or contrivances to protect workmen and property, used in certain 
classes of undtTground work. 

Shift. — A relay or changes of workmen. 

Shift-boss. — ^Thes foreman of a shift. 

Shim. — A small piece of wood or metal placed between t wo parts or members of a 
structures to bring the'in to a el('sire»el ndative pe)sitie)n. 

Shim-bolt. — A bolt usenl to fastesn a shim in place. 

Shimming Plate. — See “Plate.” 

Shingle. — ^A thin, we*elge'-shape'el pie*ce of weM>d used for roesf e!e)ve*riiig, laid ovesrla()ping 
each other. A steel plate employeel in making a splice. To make a compound 
splice by cutting the comiK)nent parts at difTiTent plaeses. 

Shingle Splice. — Sc'c “Splice*.” 

Ship Auger. — Se'es “Auge*r.” 

Shipping. — A geme^ral te*rm ai)plit*el to ve*sse»ls e;e)lle»ctive*ly. The act of de*spatching goexls. 

Shipping-bill. — A list of the* article's shippe»d. 

Shipping Invoice. — See “Invoice.” 

Shipping-list. — A list of all the article's to be shippc'd. 

Shipping- weight. — ^The weight of the article's shii)pe'd, iiietiuding that of the^ wrappings 
and pae:king. 

Shock. — A jar; the effect of a blow; the suelde'n absorption of energy. 

Shoe. — ^^rhat part or eie'tail e)f a span which transfers the lewul freun the e»nel pin to the 
be'aring plate? or to the inte*rv('ning mlle'rs. Also a cast-iron point used on piles 
wh(*n driving them through harel ground. 

Pile Shoe. — A conical iron point with pre»je*cting prongs, by means of which it is 
fastene*el to the? e?nd of the? pile be'fore? driving. 

Shoe Block. — Se*e “ Block.” 

Shoe Pin.— Sec “Pin.” 

Shoe Plate.— See “Plate.” 

Shoot. — Same Jis “Chute,” q.v. 

Shop. — ^The place where brielge spans are fabricated. 

Machine Shop. — A she)p for metal turning, planing, and drilling. 

Pattern Shop. — A wooel-working she)p in which i)atte'rns are? maele*. 

Shop Drawing. — Se'c “Drawing.” 

Shop Rivet.— Se'c “Rivet.” 

Shore. — ^The land adjacent to a body of water. A support e)r a i)rop. "^ro support 
with a shore. 

Shore Span. — See “Span.” 

Shoring. — A gen(?ral term covering a systc'iii of shori*s or projxs. 

Short Column. — Sc'c “Column.” 

Short-leaf Yellow Pine. — See “ Pine.” 

Short Ton — Sec “Ton.” 

Shot. — Small lead balls, used for gradually applying a load in a ec'rtain style of testing 
machines. An explosion in bhisting. 

Shoulder. — ^The bearing surface perpendicular to a member productnl by a projection 
on or a recess in such member. 

Shoulder Block. — Sec “Block.” 

Shove Joint. — See “Joint.” 
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Shrink. — ^To draw together; to contract. To attach one piece to another by heating 
it, placing it, and then allowing it to cool. 

Shrink Rule.— See “Rule.” 

Shrouded Pinion. — Sc'c “Pinion.” 

Shut. — s(‘am or opening in metal formed during manufacture. 

Cold Shut. — The freezing over of the top surface of an ingot before the mould has 
been hlliHl, due to an interruption of the stream of molten metal. 

Side Bracing.-^ee “Bracing.” 

Side Track.— Sc^e “Track.” 

Sidewalk. — A walk for pedestrians at the side of the roadway of a bridge. 

Siding. — Same as “Side Track,” q.v, 

Siemen’s Process. — \ process for making steel by using a regenerative gas furnace 
which utilizes the heat of the escaping gases in rehc^ating firebricks placed in the 
passageways for air and gas leading to the furnace. Two sets of passageways arc 
required, being u od alternately. While one is conveying the gas and air to the 
metal, the other is being reheated by the escaping gas from the hearth. Every 
twenty or thirty minutes a valve is moved, so as to alternate the flow. 

Siemen’s-Martin Process. — The acid open-hearth process of making steel. Sec “ Steel.” 

Sieve. — An apparatus consisting of wires strung on a frame or box, so as to form a net- 
work of meshes through which a granular material is sifted. 

Gravel Sieve. — ^A coarse-meshc'd sieve for sifting gravc'l. 

Sand Sieve. — ^A sieve with meshes \vs8 than a tenth of an inch in size, used for sifting 
sand. 

Standard Sieve. — ^A term applied to sieves us(‘d in cemc^nt tc'sting, oni^ size having 
one hundred meshes per linc^al inch and the other two hundred meshes per lineal 
inch. 

Silica. — A dioxide of silicon (Si02). It occurs in nature as quartz. 

Silicate of Lime. — See “ Ijirne.” 

Bicalcic Silicate.— A union of calcium and silica (2Ca0.iSi0t). 

Silicious. — Having the nature of silica or pt'rtaining thereto. 

Silicon. — A chemical elemcmt of the non-mctallic order. 

Silky Fracture. — Scje “Fracture.” 

Sill. — ^I'he lower horizontal member of a framinl bent. 

Bank Sill. — A sill placed on the end of an embankment to support the stringers of a 
wooden trestlc\ 

Cap Sill. — A sill placed on piles. 

Intermediate Sill. — A horizontal member in the ])lano of a timber tr(\stlo bent bi'tween 
the elevations of cap and sill, to which the posts are framc*d. 

Mud Sill, or Sub Sill. — ^A sill placed on short cross blocks resting on the earth, to 
support a fram(*d bent. 

Silt. — A fiiKi, earthy sediment deposited by muddy water. 

Simple Beam. — See “ Bc;am.” 

Simple Curve. — See “Curve?.” 

Simple Knot.— See “Knot.” 

Simple Span. — See “Span.” 

[Simplex Pile.— See “Pile.” 

Sine Curve. — See “Curve.” 

Single-acting Pump. — Sec “Pump.” 

Singie Block.— Sec “Block.” 

Single Cancellation. — See “Cancellation.” 

Single Concentration. — See “Concentration.” 

Single Intersection. — Same as “Single Cancellation.” Sec “Cancellation.” 

Single Intersection Truss. — Sec “Truss.” 

Single Lacing. — Sc?e “Lacing.” 
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Single Latticing. — See ''Latticing.” 

Single Lip Screw Auger. — Sec; "Auger.” 

Single Locomotive Excess Load. — Sec "Locomotive Excess Load.” 

Single Punch. — See "Punch.” 

Single Riveting. — See '‘Riveting.” 

Single Shear.— Sec "Shear,” 

Single Shear Steel. — Same as "Shikar Stcn^l,” q.v. 

Single Track.— See "Track.” 

Sinking. — ^I'he process of lowc^ring cribs, caissons, and piers to their foundations. 
Sinking Fund. — A fund built up during a period of time to prr>vid(; a given sum of 
money at the end of that period, by making at regular inti^rvals uniform deposits 
which draw compound int«^n'8t. 

Siphon. — A bent tub(^ or pipe having unequal legs, employed for drawing off water 
when the summit of the b(md is higher than the supply, and the discharge end 
(the longcT h'g) is lower than the supply. 

Steam Siphon. — A siphon in which a partial vacuum is made and maintained by the 
condensation of steam. 

Siphon Condenser. — Sec "Condenser.” 

Siphon Culvert. — Same? as "Siphon,” q,v. 

Sisal Hemp. — See "Hemp.” 

Sisal Rope.— Sen "Rope*.” 

Sister Block.— See "Block.” 

Sister Hook. — Sc*e "Hook.” 

Skeleton-construction. -A frame^work of structural steel which sustains all the external 
loads or forces from the top of a building to the foundation. 

Skeleton Diagram. — See^ " Diagram.” 

Skeleton Drawing. — Same as "Skeleton Diagram,” q.v. 

Skelp. — X strip of iron or steel prepan»d for making pipes and tubes. 

Skew. — Making an oblicpu* angle. 

Skew Arch. — Same ns "Oblique Arch.” Setj "Arch.” 

Skewback. — ^Tlw; b(»veletl stone, iron plate, or course of masonry whi(;h supports the 
foot of an arch ring. Also the casting on the end of a trussed girder to which the 
Illusion rod is attached. 

Skew Bridge. — See "Bridge.” 

Skew Crossing. — Same as "Oblique Crossing.” Sec? "Crossing.” 

Skew Portal. — See "Portal.” 

Skew Span. — See "Span.” 

Skid. — To slip or slide without revolving. 

Skid Girder.— Sec? "Girdej.” 

Skids. — ^^Fimbers uschI ns a track in sliding heavy objects. 

Skid-way. — A frame or form iiscxl for skidding heavy article's. 

Skim-coat. — A finishing coat of plaster used to give' a smooth surface? to a rough wall 
of concrete. 

Skimming Plate. — Sc'e "Plate.” 

Skin. — A thin coating formed during the cooling of ciist metals. 

Skin Friction. — See "Friction.” 

Skinned Bolt.— Sec " Bolt.” 

Slab. — A flat, n'latively thin, mass of wocmI, stone', concrete, or metal. 

Bending Slab. — A plate of metal with holes punched in it for holding pins around 
which thin plates or bars may be bent to required shape. 

Slabbed Tie.— Sec "Tic.” 

Slab Tie.— See "Tie.” 

Slack. — Not tightened; that portion required to be taken up to make a structure 
rigid. To loosen. 
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Slag. — Cinder. The molten substance, other than the metal under treatment, consist- 
ing of arid or basic oxidi^s wliich may be composed of the ganguc of the ore com- 
bined with a flux (usually lime) in smelting opcTations; or of substances (usually 
lime and iron oxide) introduced for the purpose of effecting or assisting in the 
puriflration process. 

Slag Cement. — See “Cement.” 

Slag Concrete. —See “Concrete.” 

Slag Sand. — Slag ground to the consistency of sand and used to replace the sand in 
mortar or conen^te. 

Slake. — '^I'o become disintc^gratixl by the action of water or moisture. 

Slaked Lime. —See “Lime.” 

Slaking. — The action of the air or water in producing disintegration. 

Air Slaking. — Decomposition of any material exposed to the air, such as lime. 

Slapped Cement. — See “C('inent.” 

Sledge. — heavy hand haintner having a long handle for use by both hands. 

Sledge Hammer. — See “Hammer.” 

Sleeper. — A railroad cross tie of wood, concr(‘tc‘, or metal, used to support and fix the 
rails of a railroafl track. Generally called a “Tie.” 

Sleeve. — A hollow cylinder or tube, used to connect round bars, bolts, shafting, 
etc. 

Handle Lock Sleeve. — A threaded slc*eve, or elongated nut, having a handle by which 
it is turiu‘d and locked at .some desirt^d po.sition. 

Lock Sleeve. — A .sh'cve (connecting two parts of shafting and arranged to lock with 
one of th(*in by mc^aiis of a shifting motion. 

Sleeve Coupling. — See “Coupling.” 

Sleeve Nut.— See “Nut.” 

Slide, or Land Slide. — A displacement of an unstable earth bank due to gravity and 
saturation. 

Slide Rule. — An instrument for making rapid computations mechanically, consisting 
of two or more sliding or revolving parts bearing graduations based on the loga- 
rithms of the nuinbccrs shown. 

Duplex Slide Rule. — A slide rule of the stick typ(‘ having an intcTior slide* of the 
same thickness as tin* ruhe and its two faces flush with those of the exterior por- 
tions. Both rule and slide* an* graduat(*d on both face's. 

Manheim Slide Rule. - A slide rule of the stick type graduate'd on one* face only. Thei 
slide* has one? face only flu.sh with the rule though graeluate*d on both faces; being 
thinner than the rule, it has to be reversed when using the; lower face. 

Spiral Slide Rule. — A slide ndo of the revolving type. It consists of a hollow sleeve 
having graduations and being capable of sliding along and revolving around a 
continuous cylinder which is held stationary by a handle. 'Die scale on the slt*evc 
is arrang(*d in t he form of a spiral, hence the* name. 

Thacher Slide Rule. — A slide rule of the revolving type having an c*xte*rior frame of 
twenty graduated bars attached to rings at their ends. The? slide; is an interior 
cylinde*r and is capable of both rotation and sliding inside the bars. The exterior 
frame of bars is also capable of rotation. A most valuable instrument in any 
bridge engince*r\s office. 

Slide Valve.— See “Valve.” 

Sliding Bearing — See “ Iie*aring.” 

Sliding-ends. — ^'Fhe ends of a bridge resting on a sliding bearing. 

Sliding Friction. —iSe;e “Friction.* 

Sliding Pulley. — S(?e “ Pulle*y.** 

Sling.- “A closed loop of wire, chain, or ixjfM; for conve‘ni(*nt passing undeT a body and 
attaching to the hook of a derrick tackle for the purpose of hoisting. 

Rope Sling. — A sling made of rope. 
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Sling Dog.— Sec “Dog.” 

Slip • — ^An earth slide. A long, narrow water space between two wharves or piers. 

Land Slip. — Same as “Land Slide,” q.v. 

Slip Joint. — See “Joint.” 

Slogging Chisel.— See “Chisel.” 

Slogging Hammer. — Sec? “IlaniiiKT.” 

Siop Brick.— See “Brick.” 

Slope. — ^"rhe incliiK'd face of a cutting or of an embankment. 

Slope Stake. — See “Stake.” 

Slope Wall.-^-See “Wall.” 

Slot. — ^An oblong hole* cut through a piece of metal, plank, etc. A groove cut in an 
axle or shaft to recc*iv(i the key of a pulley or gear. 

Slotted Eye.— See “ I ^yc.” 

Slotting . — Th(i act of cutting a slot. 

Slotting-machine. — A machine for cutting slots. 

Slot Washer. -Sen*. “ Wixsher.” 

Slow-setting Cement. — See “(k'ment.” 

Sluice. — :An artificial channel for (‘onducting wiifvv. 'To wash awaj' (’arth or gravel by 
mc^ans of a swift stream of watc'r. 

Slumy. — (^insisting of light gravel and sill. 

Small Ashlar.- See “Ashlar.” 

Small Ashlar Masonry. — Sw' “ Masonry.” 

Smelt. — 'Po extract the metals from an ore by heating in a mluelion furnace, usually 
by iruvins of coal, coke, or charcoal. 

Smith’s (C. Shaler) Formula. — A formula for long tiinlxT columns, viz.: 

5000 
1 p 
^ 250* d* 

where p = ultimate compressive rc'sistsmce in pounds per square inch. 

I = l(‘ngth of column in inches. 
d = le:ist sid(* of column section in inches. 

Smooth Dressing. — See “Dn'ssing.” 

Smooth Fracture. — See “Fracture.” 

Snag. -A tree, or portion then'of, having one end nesting on the bed of a river or lake 
and the other end at or near the surface of the water. 

Snake. — ^To drsig or haul, especially by a chain or rope* fiistened to one end of an objc'ct 
such as a log. A defect in rolknl metal. 

Snap. — A tool us(m 1 in fic'ld riveting to form the head of the riv('t. It consists of a ham- 
mer-lik(^ head on a hamlle an<l having one of its faces hollowed out to give the 
desired shape to the rivet head. By placing this on the hot metal and striking it 
with a sledge, the rivet end is forced to conform to the shape of the hollow. Also 
a spring catch as in a snap-hook. To bmik sudch^nly with a short, fracture. 

Rivet Snap. — ^A tool used for forming the head of a rivet. Sec “Snap.” 

Snap-head Rivet. — See “Rivet.” 

Snap Link.— S(H^ “Link.” 

Snatch Block. — See “Block.” 

Snatch Block Sheave. — Sex; “Sheave.” 

Snipping. — (Shipping off, as with a tool struck by a hainincT. Cutting off quickly with 
a pair of snips. 

Snips. — Small, stout hand shears used for cutting sheet mc»tal. 

Snub. — ^To check suddenly as in the case of a swiftly moving rope by taking a turn 
around a post or tree. 

Snubbing Line. — Sec “Line.” 
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Snubbing Post. — Sop “Post.” 

Soaking Pit. — A pit in which stc'cl ingots arc placcnl iimiKHlintoly after casting; so that 
the mass of tin* ingot may acquire; a unifonn temperature before rolling. 

Soapstone. — A variety of steatite, qjK 

Socket. — ^A (;avity or an opening specially ailapti'il to receive and hold some cornv 
spondingly shaped pieci\ Also the metal piece having a socket for the reception 
of a tool or shank of some tool. 

Socket Drill.— Sec “Drill.” 

Socket Mortar Hoe. — Sec “Hoe.” 

Socket Wrench. — See “ Wrench.” 

Soffit. — ^The lower surface of an arch. 

Soft Steel.— See “Steel.” 

Soft Wood.— See “Wood.” 

Solder. — A compound of different metals of low fusing temperatures which when 
melted is used to unite pieces of other and harder metals such as copper, brass, 
or sheet tin. 

Soldering Iron. — A tool with a pointed or wedgonshaped bit, made of copper, having 
an iron shank and a woodtm handle, usck! for applying soldier while hot. 

Soldering Pot. — A small, portable furnace having a clamp to hold win^s that are to b(; 
soldered togetluT and a pot to hold the meltixl sold(T. Used by linc'iru'n. 

Solder Joint.— See “ Joint .” 

Solenoid. — An electrical conductor wound in the form of a helix with a straight 
axis. 

Wlien carrying an <»lectric ciirrent it aids iis a bar magnet. 

Solenoid Brake.— Si^; “Brake.” 

Sole PIate.-Sec “Plate.” 

Solid Arch.— See “Arch.” 

Solid Steel Floor.— See “Floor.” 

Solid Web.— Sec “Web.” 

Solitary Bent. — See “Bent.” 

Solvent. — X fluid, such as water or alcohol, capable of dissolving substances. 

Sounding. — Measuring the depth of water. Also measuring the depth, below the ground 
surface, of bed rock or other strata. 

Sounding Rod. — See “ Hod.” 

Sound Knot. — See “Knot.” 

Soundness of Cement. — See “Cemimt.” 

Spacer. — An iron casting usually siwiol-shaped with a hole through its axis, used 
to separate beam.s or girders whim two or more of them an; used to form a 
member. 

Spacing Punch. — Sec “Punch.” 

Spacing-table. — A movable table with a gauge on one side, usihI in shops for imdtiple 
punching work. 

Spacing Washer. — Same as “Packing Washer.” Sih; “Washer.” 

Spade (in concreting). — ^To work the mortar to the face of the concn*te by running a 
spade up and down next to the fonn. A digging tool. 

Spall or Spawl. — A small piece of stone cliipped from a larger one. 

Spalling Hammer. — Sec “Hammer.” 

Span. — ^Thc dLstanci; bel,WH;n two supports holding up a stnicture. The struct ui e itself 
that rests on the sup{X)rts, as a span of a bridge. To reach from one support to 
another by means of a structure. 

Anchor Span. — In a bridge; consisting of a scries of cantilevers, the span that separ- 
ates two cantile.ver arms of other spans is tenni*d an “ anchor span.” 

Bascule Span. — ^I'he moving span of a bascule bridge, q.v. 

Beam Span. — X span built with beams. 
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Span. 

Cantileyer Span. — ^That span of a cantilever bridge, which contains a suspended 
span and either one or two cantilever arms. In some cases the suspended span* 
(most improperly) is omitted, making the cantilever span consist of two cantilever 
arms only. 

Channel Span. — ^The span which bridges the deepest part of a river or that part 
most accessible for navigation. 

Clear Span. — ^The distances between the two inside faces of the supports of a span. 

Continuous Span. — A span that is supported on more than two pi(;rs or on more than 
one abutment and one pier and which distributees the load to the various supports 
on which it nests, or a series of consecutive spans effectively connected together 
over the points of support. 

Deck Span. — One of the spans of a “Deck Bridge,” g.t>. 

Draw Span. — A movable span in a bridge over a navigable stream, to permit the 
piissagc of vessels. 

Effective Span. — ^'Fhc distance from centre to centre of end pins in a bridge span, 
or that betw(Mm cf^ntn^s of bearings in any structure. 

Fixed Span. — span that is not movable, in contradistinction to a draw span. 

Girder Span.- -A sjian built of girders. 

Half-through Span. — A span in wliic;h the deck is placed between the upper and the 
lower chords and where there is no overhetwl bracing. 

Intermediate Span. — Any onc^ of the* spans between the end spans of a bridge. 

Lift Span. — A span of a bridge that is raised for thc^ passage of vessels. 

Movable Span. — Any span of a bridge that may be moved in any manner to allow 
passage' for vessels through or under the bridge. 

Shore Span. — EithcT the first or the last span of a bridge. 

Simple Span. — A span that rests on two supports, one at each end, and that does 
not aff('(!t the stn\sses in the adjoining s[)ans. 

Skew Span. — A span making an angle, other than a right angle, with the axes of 
the piers and abutments. 

Spread Span. — A span at the end of a bridge so spread out at the shore that diverg- 
ing tracks may bo run then'on. 

Suspended Span. — A span connecting two cantilever arms and supported wholly 
thereby. 

Swing Span. — ^A span that, rcwolves on a centre pier or swings from an end pier to 
allow a p:issag(' for v('8sels through the bridge. 

Through Span. — A span in w’hich the traffic is carried between the trusses and which 
has lateral bracing in the plane of the upper chords. 

Tower Span. — A span din'ctly over and supported by a tower in a trestle or viaduct. 

Truss Span. — A spjui supported by trusses. 

Span Dog. — See “Dog.” 

Spandrel. — ^^Fhe space from abutment to abutment in an arch bridge extending from 
the top of th(i arch masonry to tin? top of the roiwiway. 

Spandrel Braced. — In the form of a trussed arch, in which the top chord is horizontal 
and the bottom chord is arched. 

Spandrel Column. — See “Column.” 

Spandrel Hanger. — Sen? “ Hangc'r.” 

Spandrel Wail.-~See “WaU.” 

Spanish Windlass. — See “Windlass.” 

Span-length. — ^TIk? distance from centre to centre of supports. 

Clear Span Length. — Same as “Clear Span.” Sc'e “Span.” 

Effective Span Length. — Same as “Effective Span.” See “Span.” 

Spanner. — A wrcmch for coupling and uncoupling hose. 

Sparry. — Pertaining to the carbonate of iron. 
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Spathose. — Having an oven laniollar or flatly foliated structure. 

Spatula. — broad, flat, pjMldle-shapod blade of wood or metal used for smoothing, 
scooping up, and stirring soft materials. 

Spear-heat Bit. — A bit having a spear-shapcnl end. 

Specifications. — '^rhat part of a contract describing the details of construction and 
giving din'd ions, restrictions, etc. 

Specific Gravity. — See “Gravity.*' 

Specimen Test. —See “Test .” 

Specular. — Having a lustrous appearance, a term dc'seriptive of a variety of hematite 
and also a vari«'ty of pig iron. 

Spelter. — Oude zinc bc'fore n'iining. 

Spider.— A low tripod; the internal frame or skeh'ton of a gear wheel on which a cog- 
wheel may be bolted, shrunkc'n, or cast. The group of rods connecting the coni(;al 
rollers to the central east ing in a rim-bearing swing span. 

Spider-rod. — Same Jis “Radial Rod." Sec “Rotl." 

Spiegeleisen. — Pig iron that contains from ten to thirty pc'r cent of manganese'. 

Spike. — A large nail or pin generally made of in)n; to fast(*n with spikc's or largo nails. 

Barge Spike. — A long, slim, square spike with a flat, rounded head. 

Boat Spike. — A sijuare, chisel-point('d spike with a rounded head, ordinarily from 
eight to ten inches long, used to fasten heavy planks in wooden floors, railroatl 
crossings, (*tc. 

Button-head Spike. — Similar to “Barge Spike,” q.i\ 

Cut Spike. —A spike cut or stamped out of a slu'et of metal. 

Floor Spike. — Any spike used in putting on flooring. 

Hand Spike. — A wooden lev('r for turning a capstan or windlass. 

Jag Spike.— Same as “ Jag Bolt .” Sw “ Holt.” 

Marline Spike. -A tapering, sharp-pointed, iron pin used in separating the strands 
of a rope for sf)lieing. 

Nail-head Spike. — A spike? having a long, slim, square shank and a flat, squan? heiul. 

Railroad Spike. — Same as “Track Spik(',” q,v. 

Screw Track-spike. —A large, threaded, s(iuare-headed bolt with the head spread 
out on the underside'. These screw spikes are u.sed in place of the ordinary track 
spike, especially on bridges. A hole is first bored in the tic at the right point and 
then the spike is screwed into place. 

Spike Knot. --800 “Knot.” 

Spike Maul.— Sec “Maul.” 

Spile. — Incorrectly used for “Pile,” q.v. 

Spindle. -A short shaft carrying a wheel. A vertical member in a hand-rail, also called 
“Baliister,” q.v. 

Spin Gear. — S('e “Gear.” 

Spiral. — ^^riie curvtnl path of a moving point rotating about an axis with a varying 
radius. 

Spiral Curve. — Same as “Ea.sement Curve.” See “Curve.” 

Spiral Gear.— See “Gear.” 

Spiral Riveted Pipe. — S(?e “ Pipe.” 

Spiral Slide Rule.— S(?(? “Slide Rule.” 

Spirit Uvel.— See “I^?vel.” 

Splasher. — A guard plac(*d over a wheel to prevent oil or water from being thrown 
on persons or n(;ighboring objects. 

Splay. — ^To widen or spn'sid out as in the wing walls of many culverts. 

Splice. — To unite two pieces firmly togcthc'r. The parts used in making the union. 

Butt Splice.— A splice formed by bringing the dn'ssed square ends of two pieces of 
material together and joining them by welding or bolting or by riveting on plates 
or scabs. 
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Splice. 

Cable Splice. — A joint or connection made of two ends of a cable. The weaving 
together of the ends of two ropes or cables. 

Chord Splice. — A splice made in a chord of a truss. 

Eye Splice. — A splice formed by bending back the end of a rope or cable and weaving 
it into the body of tin* rope so as to form a loop, or an eye. 

Flange Splice. — A splice made in the flange of a beam or girder. 

Full Splice. — A splice? capable of d(W(?loping the full strength of a member. 

Lap Splice. — A splic(* m:ule by placing one pic»ce on top of another and fastening 
together with pins, nails, sen^ws, bolts, rivets, or similar contrivances. 

Partial Splice.-- A splice that is capable of developing only a part of the resistance 
of a m(?mb(T. 

Pile Splice. — Tin? joining of two piles, end on end, by mc'ans of wooden scabs or 
iron plates bolted to them or by in(?ans of a cylindrical steel shcdl slipped over and 
bolted to tli(' ends. 

Rail Splice . — Tli(‘ joining of two rails by splice* bars and bolts. 

Shingle Splice. — In a ineinbcT composed of a number of compon(*nt parts, such as 
one? with compound web plat.(‘s, a shingle splici* consists in cutting all of the said 
component parts at dilTerent hut near-hy locations and l(?tting the splice plates 
ext(*nd over all the individual joints. 

Stoppered Splice.- A short )ii('ce of rope spliced into a hinger rope to form a stopper 
or check to pr(‘V(*iit tlu* rop(* from running out of a block. 

Total Splice. — Same as “Full Splice,” q.v, 

Web Splice. A splice* joining two web plates. 

Splice Bar. — S(‘e “Bar.” 

Spliced Pile.— tS(*(! “Pih .” 

Splice Joint. — See “Joint.” 

Splice Plate. See “ I’late.” 

Splicing Shackle. — S(*(? “Shackle,” 

Spline. -A thin wooden strip or filler for inserting in cracks between planks. 

Split Gear. -S(*e “Gear.” 

Split Pulley. -Sec “Pulley.” 

Splits. — Short, flat strii)s of steel. ' 

Split Switch. — See “Switch.” 

Split Tie. Sec “Tie.” 

Spoke Wheel. — S(*c “Wheel.” 

Sponge. — ]Vl(*tal in a jmrous form. 

Sponginess. — 'PIk* state or character of being soft, porous, or spongy. 

Spool.— A short cylinder wdth a longitudinal hole through its centre; also a nigger- 
h(*ad on a hoisting engine. 

Spoon. — A small howl-shaped pi<*c(* of metal with a rod for a handle used to clean out 
inaccessible; hol(*s such as a drill hole. 

Spout. — Same as “Chute,” q,v. 

Spread. — ^To flatten out; to widen. 

Spreader. — A t<M)l for spn'iuling refractory metal over a furnace bottom. 

Spread Foundation. — See; “Foundation.” 

Spreading-rate. — ^l^he rate a paint or paint material as use*ei is brushc*d out to a con- 
tinuous uniform film, measured by the area which a unit volume will cover. 

Spread Span. — Se'c “Span.” 

Spring. — An elastic body usee! to reduce the force of impact. To rise or move quickly. 
A flow of water from the ground. 

Spring Balance. — Sc*e “ Balance.” 

Spring Clips.— See “Clips.” 

Spring Dolly. — See “Dolly.” 
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Springer. — ^The lowest course of a stone arch lying imme(liat(*ly on the top course of 
the support. 

Springing Line. — See “Lino.” 

Springing-points. — ^The points at the ends of the springing line of an arch. 

Springing Stone. — Sec^ “Stone.” 

Sprocket. '-One of the projections on a toothed wheel which engages a sprocket 
chain. 

Sprocket Wheel.— See “Wheel.” 

Spud. — A small spade; a vertical timber used for anchoring scows. 

Spudding Bar. — See “Bar.” 

Spur Gear. — Sec “Gear.” 

Spur Pile. — Same as “Batter Pile.” Sec “Pile.” 

Spur Track.— See “IVack.” 

Spur Wheel. — Same as “Gear,” qj). 

Square. — four-sidcnl, plane, rectilinear figure having equal sides each at right angles 
to the two adjacent. A tool used by carpenters, draughtsmen, and others for 
laying out a right angle. 

Square Thread. -See “Thread.” 

Square-threaded Screw. — See “Screw.” 

Squeegee. — A wooden scraper having a rubber edge. Used for smoothing off the 
grout in constructing brick pavements. 

Stability . — ^The ability to resist change of position. 

Moment of Stability. — ^The n^sistant, moment of a structure due to its weight acting 
with a lever arm equal to the distance between its centre of gravity and the edge 
of the st met lire about which it tends to rotate. 

Stable. — Standing firmly in place. 

Stadia. — A method of measuring distances by noting the intercepts on a stadia board, 
made by th(‘ stadia wires in the telescope of a surveyor's transit. 

Stadia Rod. — See “ Rod.” 

Stadia-wires. — Two horizontal wires placed equidistant from the centre cross wire of 
the telescope of a transit. 

Stage. — A platform, either fixed or swinging, used in erection of high stmetures; a 
scaffold; also the interval between two platforms used in shoveling, throwing, or 
lifting excavated material. 

Stagger. — ^To arrange in a zigzag order, as the staggering of rivets. 

Staggered Riveting. — See “Riveting.” 

Staging. — Same as “Stage,” usikI collectively. See “Stage.” 

Stainer. — One who upplii's stain. A coloring matter. 

Stake. — A short, flat-sided piece of wood sharpened at one end, used for marking out 
on the surface of the ground where work is to bi; done and what it is. 

Berme Stakes. — Stakes showing the side lines of a berme. 

Finishing Stakes. — Final stakes s(!t for the completion of the work. 

Grade Stakes. — Stakes showing by suitable notation the cut or fill required to reach 
the grade line. 

Slope Stakes. — Slope stakes or toe stakes are stakes sc;t on the sides of a proposed 
cut or fill in ordiT to indicate th(j position of the top or the toe of the slope. 

Stalk. — ^A spiked iron rod forming the centre for a core; one of the upright side pieces 
of a ladder. 

Stamp. — A die; to make an impre^ssion on a surface by means of a die. 

Stamping Hammer. — See “Hammer.” 

Stanchion. — An upright past supporting a roof. 

Standard. — Any measure: of extent, quantity, quality, or value established by law or 
by general usage. 

Standard Gauge.— See “Gauge.” 
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Standardize. — ^To regulate by a standsml. 

Standardized Tape. — See ''Taix\*’ 

Standard Knot.-^tH3 ‘‘Knot.” 

Standard Sieve. — Sec “Sieve.” 

Standard Thread.— See “iWad.” 

Standing Block. — pulloy-blook fixed to some permanent support. 

Standing Bolt. — Siunc as a “Stud Bolt.” Siic “Bolt.” 

Standing-end. — ^As applied to a rope, it is the end made fast to a block or other fixed 
point. 

Standing Pile.— See “Pile.” 

Standing Rope. — Si^e “ Rope.” 

Staple. — A standard; a piece of win? or metal bent into the shape of the letter U, and 
having its ends sharpenc'd to a point so as n'adily to penetrate? wo(m1. 

Starling. — ^A cutwatcT; the projeeiting end of a })ridgc-pier, usually so shaped as to 
allow ice, drift, etc., to strike it without injury. 

Starling Coping. — Same as “Cocked-hat,” q.v. 

Starred Angles. — See “Angle.” 

Star Section. — See “Sc»ction.” 

Star Strut. — Sec “Strut.” 

Static. — ^Pertaining to or designating bodies at n'st or forces in equilibrium. 

Static Deflection. — Set* “Dt'flection.” 

Static Equilibrium. — See “Etpulibrium.” 

Static Load. — S(m? “Load.” 

Statics. — lliat braiudi of mechanics w'hich deals with a l)alanecd systc'in of forces 
acting on bodit's at rest. 

Graphic Statics. — A method of resolving and combining forces, determining th(*ir 
resultant, its direction and [K)int of application, sh(*ars, and b(*nding moments 
by graphical processes. 

Static Stress. — See “Strt'ss.” 

Stationary Engine.- Sec “Engine.” 

Stave. — One of the boards joined laterally to form a barrel or hollow cylinder. Pieces 
of wrought iron welded together as a basis for making shafts. 'Lo swell up the 
end of a tube. 

Stay. — A rope? used to .support a vertical pole or mast, such as a derrick mast. IV) sup- 
port by means of stays. 

Back-stay. — A rope or cable extending backward from tin? h(*ad of a mast and fas- 
tened to some permanent object. A rear eabk* in a suspension bridge running 
from the top of tower to the anehorage. 

Stay Bolt.— See “Bolt.” 

Stayed-link Chain. — Sec? “Chain.” 

Stay Plate. --Same as “Batten Phite.” See “Plate.” 

Stay Pile.--TSe(? “Pile.” 

Stay Rod.— See “Rod.” 

Stay Wire. — Same as “Guy Wire,” q,v. 

Steamboat Jack. — Sec^ “Jack.” 

Steamboat Ratchet. — Sec “Ratchet.” 

Steam-chest. — ^The chamber, adjoining the cylindcT of a steam engine, in which the 
slide valve works. 

Steam Condenser. — See “Condenser.” 

Steam Crane. — See “Crane.” 

Steam-cylinder. — ^A cylinder in which steam does work by expanding against a movable 
piston. 

Steam Dredge. — See “Dredge.” 

Steam Engine.— See “Engine.” 
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Steam Gauge. — See “Gauge.” 

Steam Hammer. — See “ Hammer.” 

Steam Hammer Pile Driver. — Sec “ Pile Driver.” 

Steam Hoist. — See “ Hoist.” 

Steam Hose. — Sc^e “Hose.” 

Steam Jacket. — See “Jacket.” 

Steam Jet. — See “Jet.” 

Steam Port.— See “Port.” 

Steam Riveter. — Sec “Riveter.” 

Steam Siphon. — See “Siphon.” 

Steatite. — Massive talc or soapstone, a hydrous magnesian silicate. 

Steel. — A modified form of iron, not occurring in nature, made from pig iron by oxidizing 
most of the carbon. 

Acid Steel. — Steel made without the use of lime. 

Acid Bessemer Steel. — A metal produced by the decarburization of enich* pig iron 
in a converter where fimdy divided air currents are blown through the molten 
mass. The lining of thci converter is of a silieioiis material that will have no effect 
on the phosphorus, henec that element is not eliminatiHl. 

Acid Open-hearth Steel. — A m(^t:il formcnl of pig iron, ciist iron, and wrought iron 
or steel scrap, which is converted into steed by the direct action of an oxidizing 
flame in a regen(*rative gjis furnace. The furnace is lined with a silicious material 
that has no effect on th(; phospliorus content. 

Alloy Steel. — A steel carrying a certain i>ortion of some* other metal, such as ni(;kel 
or vansulium. 

Basic Open-hearth Steel. — metal forimsl of pig iron, cast iron, and wrought iron 
or steel scrap, which is converted into steel in a furnace* having a lining of dolo- 
mitic limestone in order to resist the action of the* slag. This slag contains much 
of the phosiJiorus in combination with calcined lime with which the funiace is 
charged. In this way the [ihosphonis content is rc'diicenl materially. 

Bessemer Steel. — iSteel made; by the “Bessemer Process,” q.v. 

Blister Steel. —Steel made from wTought iron by heating it while in contact with 
some form of carbon. 

Boiler Steel. — A mc'dium steel rollc'd into plates from on(!-fourth to oms-half inch 
in thickness and used for making boilers. 

Bronze Steel. — An alloy of copper, tin, and iron used jis gun mental. 

Burning Steel. — ^A mechanic,al s(*paration of the gi-ains due to extreme ovcrh(iating 
of steel. 

Burnt Steel. — Steel that has been overheatcnl in the making or rcmclting. It is 
coarse-grained and very brittle w’hen either hot or cold. 

Carbon Steel. — Onlinary stcicd which contains no other alloying (*lem(‘nt than the 
usual amount of mangam^st;. dlic* term is generally employed in contnuiistinction 
to nickel steel or other alloy stend. 

Case-hardened Steel. — 8t(;el with the outer skin hanl(;ned by heating, afl(*r being 
made into shape, with some such animal substance as grease, bone, hoofs, or 
horns. 

Case Steel. — The outside skin on steel causc*d by eiusc? hanl(*ning. 

Cast Steel. — Steed that is cast into shape directly from the furnace instead of being 
cast into ingots and rolknl or melted. 

Cemented Steel. — Steel pro(luc(*d by impregnating bars of wrought iron or soft steel 
with carbon at a temperature below the melting ])oint. 

Charcoal Steel. — Steel in which charcoal is us(*d for a fuel in its production. 

Chrome Steel. — Steel that usually contains two per cent of chromium and from eight- 
tenths of one per cent to two per cent of carbon. It is very hard and has a higli 
elastic limit. 
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Steel. 

Cold-short Steel. — stcol that is very brittle when cold, usually due to an excess 
of phosphorus. 

Converted Steel. — Steel that has undergone a process of cementation in fire brick 
chambers or converting pots. 

Crucible Cast Steel, or Crucible Steel. — Steel made by melting down in a closed 
crucibhi the various grades of iron or steel with or without the addition of carbon, 
ore, or otluT materials. 

Double Shear Steel. — Steel made by a process in which the shearing and welding 
described for single sh(*ar steel is repeated. 

Fiery Steel. — Burnt st(!el showing very coarse, bright grains when fractured. 

Gad Steel. — Flemish steel wrought from wedge-fthaped ingots. 

German Steel. — St(M»l mmle in Germany — an obsolete term. 

Hardening of Steel. — Bringing the metal to thcj condition in which it is best able 
to H'sist abrasion or soratcdiing. This is accomplished by heating the steel to a 
high t(*mpcTature and cooling cpiickly, or by mechanical working. 

Hard Steel. — Steel that has undergone the process of hanlening. Also same as 
‘4Iigh Steel,” q.v. 

Hay Steel. “Steel made* by a j)rocess palent(*d by a Mr. Hay. It wjis used in the 
construction of the bridge; ov(t the; Missouri River at Glasgow, Mo. It is no longer 
manufacfiin^l. 

High Steel. — St(M*l (;ontainiTig a comparatively large; amount of carbon, from one- 
half to one p(»r cc^nt. 

Homogeneous Steel. — A st(‘(*l solid and fm; from blow hol(;s. A variety of crucible 
st('el easily Ix'Tit and worked. 

Hot-short Steel. — A st(*(d that is v(Ty brittle vrhen hot — ^usually due to an excessive 
amount of sulphur. 

Ingot Steel. — St(‘<d run from the furnace into r(;ctangu1ar moulds to be subsequently 
mlled or forged. 

Low Steel. -A soft steel containing a small amount of carbon — lc;ss than one-fourth 
of om; JMT (H'nt. 

Manganese Steel. - Steel containing from eleven per cent to fourteen per cent of 
manganese and one and on(*-half per cent of carbon. This is a vi*ry hani, brittle; 
steel and has to be treated by cooling in water to remove the extreme brittleness. 
Used when* high n*sistanee to abrasion is necessary. Mayari Steel, sec page 68. 

Medium Steel. -Steel neith(*r very hard nor very soft, containing from ono-fourth 
to one-half per cent of carbon. 

Mild Steel. — A soft st(*(*l. Same as “Low Stec'l,” q.v, 

Mushet Steel. — A steel containing one and one-half per cent of carbon and from 
five to (‘ight ])(*r cent of tungsten, which when hardened by air cooling holds its 
temper until it b(*comes red-hot. 

Nickel Steel. — Steel containing from three per cent to five per cent of nickel and 
from two-tenths to onc-half per c(*nt of carbon. The addition of the nick(*l increases 
the strength and the elastic limit of the metal. 

Open-hearth Steel. — St(*el produced in a regenerative, reverberatory furnace where 
the hearth is opc'n and exposed to the action of the flame. 

Pipe in Steel. — A defect in the top of an ingot due to the shrinking of metal while 
cooling, thus leaving a cavity. 

Puddle Steel. — A steel made by the puddling process in a reverberatory furnace in 
which the carbon is reduc(*d at a low temperature to onc-half of one per cent. This 
process is sc;ldom uschI nowadays. 

Restoring Steel. — ^Treating burnt steel by heating and mechanically working the 
metal. 

Rivet Steel. — A soft steel from which rivets are made. 



2082 


BRIDGE ENGINEERING 


Chaffer LXXX 


Steel. 

Rolled Steel. — Stool that has been cast into ingots and then passed through a suc- 
cession of rolls until the desired final shape is obtained. 

Self-hardening Steel. — Same as '*Mushct Steel/’ q,v. 

Shape Steel. — Same as “Shape,” q,v. 

Shear Steel. — Steel made in the form of bars from blister steel by shearing the latter 
into short hmgths, piling these upon each other and heating, and welding them 
by Hilling or hammering into one piece. 

Soft Steel. — Same as “Low Stet»l,” or “Mild Stoc'l,” q.v. 

Tempered Steel. — StiMd that hjis undergone the; tompcTing procc'ss. 

Temper of Steel. — Degree of hardness produced in high carbon stcud by water or oil 
tn'atmont of cooling. See “Temper” and “Tempering.” 

Tool Steel. — Steel which, by special treatment or peculiar composition with alloying 
metals, is adapted to retain a cutting edge at comparatively high temperatures 
so as to permit of high cutting speeds. Messrs. Taylor and White give the fol- 
lowing as the best composition for such stcH'l. Vamidium, 0.29 per cent; tungsten, 
18.19 per cent; chromium, 5.47 per cent; carbon, 0.674 per cent; manganese, 0.11 
per cent; and silicon, 0.043 per cent. 

Tungsten Steel. — St(*el usually containing from five to t(?n per cent of tungsten 
(som<*times as much as twenty-four per cent) and from four-tenths to two per cent 
of carbon. 

Vanadium Steel. — An alloy steel containing a small percentage of vanadium which 
has the efT(*ct of raising the elastic limit and ultimate strength of the metal, mainly 
by piu*ification. 

Weld Steel. — St(»el capable of being welded. 

Wild Steel. — Steel that spits and flics in the ladle, usually caused by overoxidization 
of the metal. 

Steel Joist. — See “Joist.” 

Steel Pile.-See “Pile.” 

Steel Press. — See “Press.” 

Steining. — ^Thc brick or stone wall lining a vault. 

Stem. — ^^rhe handle of a tool; the projecting nxl of a slide valve?; a narrow portion 
of an object connecting two larger fiortions. To hold back, to resist. 

Stem-section. — ^That portion of an object containing the stem. 

Stepped. — FormcMl into a scries of stops. 

Stepped Gear.— See “Gear.” 

Step Stone. — S(*e “Slone.” 

Stereot<9ny. —The science of cutting solids into certain shapes. Generally applied to 
stonework. 

Sterro Metal.— See “Metal.” 

Stevedores’ Knot. — -Set* ‘ ‘ Knot . ’ ’ 

Stiff. — Rigid, not I'tisily bent, not working ea.sily. 

Stiffener. — A secondary m(?inber, usually an angle, attached to a plate to prevent 
buckling. 

End Stiffener. — Vertical angles riveted to the wtib of a plate girder at its ends for the 
purpose of stiffening it and transfciiring the end shear to the shoe or base plate. 

Intermediate Stiffener. — Any one of the stiffeners on a plate girder between the 
end stiffc*ners. 

Web Stiffener. — ^An angle riveted to the web of a beam to distribute a load or to 
prevent buckling. 

Stiffening Angles. — See “Angle.” 

Stiffening Girder.— S(3c “Girder.” 

Stiffening Rib.-See “Rib.” 

Stiffening Strut.— See “Strut.” 
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Stiffening Trass. — See “Truss." 

Stiff Leg. — See “Leg.” 

Stiff-leg Derrick. — Sec “Derrick.” 

Stirrup. — In reinforced concrete beams or slabs, a U-shaped bar inserted for the purpose 
of resisting diagonal tension, or so-called shear. 

Stitch Rivet. — See “Rivet.” W 

Stock. — ^The raw material usihI for charging a furnace. The foundation for the anvil 
of a power hammer. An apparatus or tool for holding another tool. 

Die Stock. — ^The frame, with handles attached, used for holding and turning the 
dies which cut the threads on rods or pipes. 

Drill Stock. — ^Thc holder which receives the? shank of a drill. 

Screw Stock. — Same as “Die Stock,” q.v. 

Stock Ramming. — A process for stopping leaks in a cofferdam by ramming clay through 
a hole cut in the supporting timbers. 

Stone. — A. small piece of rock. A piece of rock hewn or shaped for specific use. 

Arch Stone. — Same as “Voussoir,” g.w. 

Axed Stone. — Stone roughly dresscnl with a heavy, axe-like tool. 

Bed Stone. — One of the stones in a bottom course of masonry. 

Bridge Stone. — X flat stone bridging a gutter or other stnall opening. 

Broken Stone. — t(*nn applicxl to rock which is crushcnl or brokem into small pieces 
and us(?d for concrete, road pavement, ballast for tracks, etc. 

Cement Stone. — ^Any rock having the necc'ssary alumina, silica, and lime content 
which can be converted into ceiiamt under proper trc'atnu'nt. 

Cut Stone. — Stone which has been dressinl with a mason’s chisel to a smooth surface*. 
Dimension Stone. — ^Large cut stone having the face left rough, used in massive 
masonry. 

Dorchester Sandstone. — A sandstone found in Dorche^ster, N(*w Brunswick. 

Drafted Stone. — Stone having a narrow c;his<*l-draft cut aiDund thej face or margin. 
Drip Stone. — A moulding or cornice projecting from a column to prevent rain watcT 
from trickling down. 

Iron Stone. — ^An oxide of iron renderc*d impure through the admixture of silica and 
clay. 

Keystone. — ^^riie centre or high(*st voussoir or arch stone*. 

Masonry Stone. — Stone (*niployed in masonry construction. 

One-man Stone. — A rough classification for stone of a size that can be lifted and 
placed by one man. 

Ring Stone. — Same as “Voussoir,” q,v. 

Rubbed Stone. — Same as “Rubbed Dressing,” ly.w. 

Sandstone. — A rock formed by the consolidation of sand. 

Springing Stone. — ^The first course of stone bi*low the springing line in an ar<*h. 

Step Stone. — ^The stone which forms a step in foundations. 

Stone Axe. — See “Axe.” 

Stone Boat. — A boat or barge which carries stones. 

Stone-breaker. — A machine for crushing stones. 

Stone Bridge. — See “Bridge.” 

Stone Cutter. — See “Cutter.” 

Stone DriII.~ScH5 “Drill.” 

Stone Girder. — Sec “Girdci .” 

Stone Hammer. — Sec “Hammer.” 

Stone Planer. — ^A machine for smoothing the surface of a flat stone. 

Stone-polisher. — ^Either a machine or a man that polishes the face of a stone, after it 
has been smoothed, by the use of powdered pumicc-stonc and water. 

Stone-ring. — Same as “Belt Course,” qjo. 

Stone Saw.— See “Saw.” 
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Stop-cock. — Same aa “Cock,” q,v. 

Stoppered Splice. — See “Splice.” 

Stop Valve. — Same as “Gate Valve,” q.v. 

Stop-water. — A plug of soft wood driven tightly into a hole at the joint of a scarf 
which wlum wet swells and prevents leakage tlirough the said joint. 

Storm Cable. — See “Cable.” 

Stove Bolt. — See “ Bolt.” 

Straight Abutment. — Sec “Abutment.” 

Straight Dolly.— See “Dolly.” 

Straight-edge. — ^A thin bar of wood or steel used by draughtsmen for drawing straight 
line's. Also a bar or narrow boanl having at k'ast one straiglit edge, used on 
construction work to obtain a flat and level surface. 

Straightening-machine. — \ machine used for straightening bars, beams, channels, etc. 

Straightening Rolls. — See “Rolls.” 

Straight Line. — See “Line.” 

Straight-line Formula. — Sec “Formula.” 

Straight-link Chain.— See “Chain.” 

Straight-shank Drill.— See “Drill.” 

Strain. — ^The deformation caused by an external force applied to any piece of material 
or to any bridge member. Often loosely usc'd for stress. 

Angular Strain. — Same as “'rorsional Strain,” q.v. 

Compressive Strain. — ^The deformation causcKl by a eomprc'ssion load. Also calk'd 
“Shortening.” 

Crushing Strain. — An incorrect but rather common expression for the ultimate 
stn'ngth in compression. See “Tltimate Strength.” 

Lateral Strain. — A deformation at right angk's to th(» axis of th(» riK'inlx'r. 

Rate of Strain. — The ratio of the dc'forination to the original length of a nx'mbr'r. 

Shearing Strain. — ^^Fhc deformation prwluced by a sh('ariiig forc('. 

Tensile Strain. — ^Tlu^ dc'forrnation produced by an external tensik* forcH*. Also calk'd 
“Stretch” or “Elongation.” 

Torsional Strain. — ^A deformation in a member caused by a twisting moment. 

Transverse Strain. — ^A deformation caiLsed by a force acting at right angk's to the 
axis of a member. 

Strainer. — Any device us(?d to separate small solid particles from a liquid, such as a 
strainer on the ('iid of a suction hose of a T)ump. 

Strain Sheet. — ^Wrongly used for “Stress Sheet,” q.v, 

Strake. — \ breadth of planking; the hoop or tire of a wheel. 

Stren^h. — ^The capacity to resist <listortion or disintegration. 

Compressive Strength. — ^The capacity to resist compression. 

Crushing Strength. — ^The ultimate p<jw'er of a material to resist disintegration by 
cnishing. 

Hydraulic Strength. — ^Thc stnmgth dcv»'lopod by cement, mortar, or con(!r('t(? setting 
in vrater. 

Proof Strength. — ^^Fhc greatest resistance that a body can offer to an exlc'rnal force 
without the stress cxcec^ling the elastic limit of the material. 

Shearing Strength. — ^^Fhe n^sistance which a body can offer to a shearing force. 

Tensile Strength. — The; resistance which a body can offer to an external tensile force. 

Strand. — One of the small thn'jids usc'd in making rope. 

Strap. — A narrow band of flexible material uscid to (»ncircle and hold tog('ther various 
articles. 

Butt Strap. — A steel attaching plate, used in timlx^r construction, fiustened to the 
outside of two abutting timbers. 

Eccentric Strap. — ^The band of iron or stec;] which embraces the circumference of 
the eccentric and in which it revolves. 
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Strap Bolt. — Same as ''Lug Bolt/’ g.v. 

Strap Hinge. — See ’‘Hinge.” 

Strap Joint. — See “Joint.” 

Strap Rail.— Sec “Rail.” 

Stratification. — geological formation consisting of layers or bands 

Stratum. — natural or artificial bed of rock or earth. 

Straw-boss. — Same as “Pusher,” q,v. 

Stress. — ^An internal distributed force that resists the change* in shape and size of a 
body subjected to external forces. 

Advancing Load Stress. — A. stress in a member induce^d by a load advancing on tluf 
structure. 

Allowable Unit Stress. — ^The allowable stress pe^r unit of area giv(*n in the specifications. 

Apparent Stress. — A term used to indicate that the stress lias beem determined by 
the principles of statics, and, thercifonj, ignoring the (‘ff(*ct of the lateral deforma- 
tion of the member or that of secondary stn*sses. 

Axial Stress. — A stress, either tension or compression, acting along and in the din'ction 
of the axis. 

Balanced Load Stress. — ^A stress in a member of a draw span induced by having 
both arms of the draw symmetrically loadtHl. 

Bearing Stress. — ^The stress developed in a bt*aring by the siip(*rimposrd load. 

Bending Stress. — ^The stn»ss produced in a member by a bending mom(*nt. 

Bond Stress. — ^Thc longitudinal stress set up between the surface of a n inforcing 
bar and the surrounding conen^te. 

Breaking Stress. — ^Tlu; stress developed in a membcT at the point of nipture. 

Buckling Stress. — A compressive stix'ss so great that thc^ cdastic limit of the piece 
is exce(*d(*d, and, in consequence*, a buckling or bulging of the material occurs. 

Centre of Stress. — 'I'he point of application of the Resultant of the stresses on a 
S(;ction. 

Centrifugal Stress. — A stress due to the cc*ntrifugal reaction of a live load moving 
in a curve. Any stress acting in an outward din*(;tion from the centre of a body. 

Centripetal Stress. — Any stress acting toward the centre of a body. 

Chord Stress. — ^Any stix^ss which exists in a chord of a truss. 

Combined Stress, or Compound Stress. — ^A union of stresses such as direct stress 
and bemding. 

Compressive Stress. — A stress which resists the shortening elTect of an external 
compressive force. 

Concentrated Load Stress. — Str(*ss induced in a member by concentrated loads on a 
structure. 

Conjugate Stresses. — ^Two sets of stresses each of which acts parallel to the plane 
upon which the other acts. 

Counter Stress. — ^A stress in the web member of a truss which occurs for certain 
positions of the live ?oad and is the reverse of the usual stn*ss in the member or panel. 

Crippling Stress. — ^The stn^ss resulting in a member at the point of crippling. The 
stress necessary to cripple the member. 

Cumulative Stress. — A stress that pilc*s up in a member. 

Dead Load Stress. — ^The stress resulting from the application of a static load. Gen- 
erally means the stress produced in a structure by its own weight. 

Direct Stress. — A stress resulting from a direct application of the loiid. 

Direct Wind-load Stress. — Stress due to the wind load applied din ctly to the lateral 
trusses of a span. 

Ellipse of Stress. — A relation between stresses such that if a pair of principal stresses, 
of the same or opposite kinds, be represented by the semi-major and semi-minor 
axes of an ellipse, respectively, the intensity of the stn^ts in any direction in the 
same plane is represented by the semi-diameter of the ellipse in that direction. 
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Stress. 

Erection Stress. — Stress induced by loads applied during the erection of a structure. 

Extreme Fibre Stress. — In members subject^ to bonding, the intensity of stress on 
the fibre (or elementary strip) farthest removed from the neutral axis. • 

Fibre Stress. — ^^fhe stress on an elementary fibre, strip, or element of a member. 

Flange Stress. — ^The stress d(*v('loped in the flange or flanges of a member. 

Impact Stress, or Impact Load Stress. — ^/\ny stn'ss caused by tlic^ sudden application 
of a load over and above that which the load at rest would protiuc(». 

Inch Stress. — A stress distribution on a square inch of area; the common unit of 
stress in metals. 

Indeterminate Stress. — stress which cannot be determined by the principles of 
statics. 

Indirect Stress. — stress induced by another stress. 

Indirect Wind Stress. — A stress due to a transfcTrc'd wind load. 

Induced Stress. — Same as “Indirect Stress,’* q.v. 

Initial Stress. — Stress put on a member bc^foni the regular loatls arc applied. Thio 
is accomplished by making the mimiber a trifle shorter or longcT than th(‘ requin'd 
normal k'ligth and then forcing it into idace in the structure, or by operating a 
turnbuckle after erection. 

Intensity of Stress. — ^"fhe stress per unit of an^a. Also called “ Unit Stn'ss,” q.v. 

Internal Stress. — Any stress in a m('mb(T. 

Lateral Stress. — A stress which acts at right angles to tlie axis of a member through 
which tension or compression is produced. Sometimes einjiloyed to mean the 
stress in a member of a latcTal system. 

Juive Ijoad Stress. — Any strc\ss caust'd by the? applicat ion of a moving load. 

Longitudinal Stress. — Stress parallel to the axis of a member. 

Main Stress. — Same as “Direct Strc'ss,” q.v. 

Maximum Stress. — ^"fhe grc'at('st stn*ss that corru's on a piece, or somctimc»s the 
greatest str<\ss a mcanber can have with its allowable load. 

Normal Stress. — A stress which acts at right angles to a plane in tlui interior of a 
body. 

Primary Stress. — Same as “ Main Stress,” q.v. 

Principal Stresses. — Conjugate strc'ssc's that arc? at right angli\s to each other. 

Pure Stress. — A term used for cases where only one kind of strc'ss (»xists. 

Range of Stress. — ^The limits betw'cen which the strc'ss or strc'sses in a iriember vary 
as the load changes. 

Repeated Stress. — A stress du<? to a load which is applied to and removed from a 
body a gn^at niiinb(;r of times. 

Resultant Stress. — ^The stress resulting from combining all the stresses that act on 
a piece simultaneously. 

Reversal of Stress. — ^^Fhe changing of str(\ss from temsion to compression or vice 
versa. 

Secondary Stress. — An indirect stress set up by the deformation of a mcmlxT caused 
by primary stresses. 

Shearing Stress. — A stress which resists any action tending to slide one port of a 
body past an adjacent part. 

Static Stress. — Same as “Dead Load Stress,” q.v. Stress due to a qui(H3cent 
load. 

Sudden Stress. — ^The stress resulting in a member from the sudden api)lication of a 
load thereto. 

Tangential Stress. — ^A stress which acts along a plane in the interior of a body. 

Temperature Stress. — A stn^ss due to this contraction or expansion of a body from 
changes in temperature. 

Tensile Stress. — stress resisting the elongation of a body. 
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Stress. 

Torsional Stress. ^Thc stress arising from the deformation set up by a torque or 
twisting moment. 

Total Stress. — ^The sum of all the stresses at a section of a body. 

Traction Stress. — stress caused by the thrust of a braked train due to the friction 
of the wheels on the rails when skidding, or by the horizontal effort of the loco- 
motive wheels against the rails. 

Transferred Load Stress. — ^Thc stress in a member caused by the transferring of a 
load from another member. 

Transverse Stress. — A stress at right angles to the axis of a member. 

True Stress. — A stress as measured by the deformation as it actually occurs. 

Ultimate Stress. — ^The greatest stress which can be produced in a body before rupture 
occurs. 

Uniform Stress. — stress which has a uniform intensity throughout its area of action. 

Uniform Load Stress. — ^A stn^ss resulting from the application of a load uniformly 
distributed over the structure. 

Uniformly Varying Stress. — ^A stress, the intensity of which varies as its distance 
from a fixed point. 

Unit Stress. — 'Fhe stress per unit of arc'a; the measure of intensity of stress. 

Uplift Stress. — y\ stn^ss due to an uplift action, as that from the end lifting machinery 
in a swing span. 

Vibratory Stress. — A stress caused by vibration. 

Web Stress. — ^Any stress in a W(‘b member of a truss. 

Wind Stress. — A stress caused by the applic'ation of a wind load to the structure. 

Working Stress. — TIkj allowable stre^ss on any pii‘ce as j)rovided in the spc^cifications. 
Carelessly used for ** Working Unit Stress,” q.v. 

Working Unit Stress. — The allowable unit stress or intensity on any piece as provided 
in the spcHuficjations. 

Stress Couple. — See “(k)uplc».” 

Stress Diagram. — Sec ” Diagram.” 

Stress Sheet. — Same as “Stress Diagnim.” See “Diagram.” 

Stretcher. — In masonry, a stone laid with its long dimension parallel to the wall. 

Stretcher Course.— S(*e “Course.” 

Strict-heart Tie. -See “'Fie.” 

Striking. — Hitting with a hammer or sledge, as striking a drill. Removing camber 
blocks or arch forms. 

Striking Hammer.-- Sec “Hammer.” 

Striking of an Arch. — Stn? “Arch.” 

Striking Wedge. — S<*e “Wedge.” 

String Course. — See “Course.” 

Stringer. — A longitudinal member extending from panel to panel of a bridge and sup- 
porting the ties or the flooring. 

Chord Stringer. — A chord h'nglh subjected to bending as well as to direct stress. 

Continuous Stringer. — A stringer that extends over two or more panels. 

Jack Stringer, or Outside Stringer. — A stringer placed outside the line of main stringers. 

Track Stringer. — A beam or girder carrying a track. 

Stringer Bolt.— Sec “Bolt.” 

Stringer Bracing. — Sec “Bracing.” 

Stringer Packing. — See “Packing.” 

Stringer-spacing. — ^The distance between the centres of stringers and their location with 
reference to the cent.re line of structure. 

String Packing. — See “Packing.” 

String-pieces. — ^The sloping beams of a stairway which support the treads. 

String Polygon. — Same as “Equilibrium Polygon,” q.v. 
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Strip. — narrow board. To remove the timber forms from concrete. To tear off, 
as to remove the threads from a bolt or the teeth from a cog. 

Striped Dressing. — Sol^ “Dn'ssing.” 

Stripping. — Removing forms from concrete; tearing off an3rthing. 

Stripping-bill. — A local term for a bar having a curved encl, used in removing forms. 

Stroked. — A form of masonry dressing, also called “Droved.” See “Dressing.” 

Columnar Stroked. — A foi-m of dressing in masonry. Sec “Dressing.” 

Fibrous Stroked. — A form of dressing in masonry. See “Dressing.” 

Structure. — ^A general term for anything that is built or constnicted, as a bridge or a 
building. The iirrangement and organic union of the parts in a body or object. 

Granular Structure.- -A granular condition of iron or steel, shown in its fracture, 
caused by overheating in the furnace. 

Lamellar Structure. — Composed of layers or lying in layers, usually applied to rock. 

Substructure. — The part of any construction which supports the superstructure. 

Superstructure. — ^The part of a structure which receives the live load directly. 

Strut.— A bridge member carrying compression. 

Angle Strut. — A strut built up of angle irons. 

Box Strut. — Any strut built, of structural shapes having a box-like cross-section. 

Channel Strut. — ^A strut built up of channels. 

Collision Strut. — A strut placed against a point a little below the middle; of the 
inclined end post of a bridge so that, in case of a derailment or a shifted load strik- 
ing the said end post, the shock will bo carried longitudinally to other members 
and not be taken up in be^nding by the said inclined end post. 

Counter Strut. —A web member subject to both compn^ssion and tension. 

Horizontal Strut. — A compression member lying in a horizontal position. 

Inclined Strut. — A compression member placet! in an inclined position. 

Intermediate Strut. — An overh(*ad strut in high bridges attached to the posts of 
opposite trusses and lying btitwecm the upper lateral strut and the floor. In deck 
bridges, if used at all, it would be betweem the upper and the lower lateral struts. 

Laced Strut. — ^A strut that has lacing of small bars running diagonally on the open 
face or fa(!('s. 

Lateral Strut. — A strut in the lateral system of a bridge. 

Overhead Strut. — A strut in the overhead portion of the sway bracing of a bridge. 

Pedestal Strut. — A strut connecting and bracing two pedestals. 

Portal Strut. — ^A strut in the portal bracing of a bridge. 

Radial Strut. — One of a series of stmts radiating from a fixed point, as the spokes 
of a wheel, or th(j radial braces of a turntable, or a swing-span drum. 

Seconi^ry Strut. — A secondary member taking up compression. 

Star Strut. — A strut fonn('d of either two or four angles placed back to back. The 
two-angle form is not a satisfactory type, as it fails to develop as high an ultimate 
strength as might properly be anticipated. 

Stiffening Strut. — A stmt userl to overcome a buckling tendency or to fix an inter- 
mediate point of a post or column and thus reduce the value of I over r. 

Sub-strut. — A sub-diagonal carrying compression. 

Sway Strut. — A stmt used in sway bracing. 

Timber Strut. — A stmt made of timber. 

Vertical Strut. — A vcTtical compre^ssion member. 

Stub Abutment. — Same as “Straight Abutment.” Sec “Abutment.” 

Stub Switch.— Sec “Switch.” 

Stud. — A short projecting pin. An upright member in a wall to which the laths are 
attachofl. 

Stud Bolt.— See “Holt.” 

Studding. — Same as “Stud,” q,v. 

Stud-link Chain. — Sec “Chain.” 
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Stuffing Box. — See '*Box.” 

Stump Joint. — See “Joint.” 

Sub-contract — See “Contract.” 

Sub-contractor. — See “Contractor.” 

Sub-diagonal. — secondary member connecting the mid-]K>int of a main diagonal 
with an adjacent panel point. 

Sub-divided Panel. — See “Panel.” 

Sub-divided Pratt Truss. — See “Truss.” 

Sub-divided Warren Truss. — See “Truss.” 

Sub-foreman. — See “Foreman.” 

Sub-grade. — See “Grade.” 

Sub-letting. — Sec “Letting.” 

Submerged Pier. — See “Pier.” 

Sub-post. — See “Post.” 

Sub-punch. — See “Punch.” 

Sub-siIi.-See “Sill.” 

Sub-soil. — ^The stratum of earth lying immiidiately under thc‘ surface soil. 
Substructure. — ^The piersi pe destals, and abutments of a bridge or trestle. 

Sub-strut. — Sec “Strut.” 

Sub-tie.— See “Tie.” 

Sub-vertical. — See “Vortical.” 

Suction. — A drawing up of a liquid by the production of a partial vacuum in a space 
connectixl with the said fluid. 

Suction Hose. — See “Hose;.” 

Suction Pipe.— See “Pipe.” 

Suction Pump. — See “Pump.” 

Sudden Stress. — See “Stress.” 

Sulphur. — An elementary substance which occurs in nature, characterized by a yellow 
color, a brittle, crystalline structure, a resinous lustre, and strong acrid fumes given 
off during combustion. Used sometimes in bridgework for filling around bolts in 
masonry. 

Sump, or Sump-hole. — A depression or hole in a pi(T foundation, uscxl to collect drain- 
age water so that it may be pumped out; also a hokt under a building or in a tunnel 
for the same purpose. 

Super-elevation. — See * ‘ Elevation . ' ' 

Superintendent. — ^I'he person having complete control of a pi('C(» of work. 

Day Superintendent. — ^The person in comjdt'te control of work during the day. 
Night Superintendent. — ^The person in compk'te control of work during the night. 
Superstructure. — ^lliat portion of a bridge or trestle Ijing above the piers, pedestals, 
and abutments. 

Supplement. — An addition to anything to make it complete. To add anything for 
that purpose. 

Supplementary. — Being in the nature of a supplement. 

Supply Shaft.— Sec “Shaft.” 

Supporting Machinery. — Sec “Machinery.” 

Surbase. — ^A border or moulding above a base. 

Surcharge. — ^To overcharge. The earth that lies both above and behind a retaining 

wall. 

Surface. — ^The condition of a track as to vertical evenness and smoothness. 

Surface Condenser. — See “Condenses.” 

Survey. — ^To determine the boundaries, extent, position, elevation, etc., of a portion of 
the earth’s surface by means of lineal and angular measurements. The n*sult of 
such a process is also termed a siurvey, as is also the process itself. 

Surveying. — ^The art of making surveys. 
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Surveyor. — man skilled in the art of surveying. 

Surveyor's Level. — Si'o “Level.” 

Suspended Floor. — See “Floor.” 

Suspended Span. — Schj “Span.” 

Suspender. — A hanger used to suspend a floor from a cable or from a truss or other 
object. 

Suspender Cable. — See “Cable.” 

Suspension Bridge. — See “Bridge.” 

Stiffened Suspension Bridge. — Sec “Bridge.” 

Suspension Cable. — See “Cable.” 

Suspension Rod. — Cnc of t he rods attached to the cable of a suspension bridge for the 
purpose of supporting the floor. 

Swab. — ^A mop uscmI for sproiKliiig tar on the surface of a concrete deck and on the 
bearings for paving blocks. 

Swage, or Swedge. — ^A die or former used for shaping pieces of metals, tools, etc. To 
shape with a swaging block. 

Sway. — ^To brac(‘ laterally or longitudinally against horizontal movement. 

Sway Bolt. — See “Bolt.” 

Sway Bracing.— See “Bracing.” 

Sway Strut.— Se(^ “Strut.” 

Sweating. — A method of listening two metallic surfaces together by means of a very, 
thin invisible layer of solder. 

Swedge. — Same as “Swage,” q.v, 

Swedged Bolt. — See “Bolt.” 

Swedish Iron. — S(M‘ “Iron.” 

Swelled Column. — A column that Is larger at the middle than at the ends. 

Swing Bridge. — See “Bridge.” 

Swinging Crane. - See “Crane.” 

Swinging Scaffold.— S(M' “Scaffold.” 

Swing Span. — See “Span.” 

Swipe. — ^l''o strike or drive with great force. 

Switch. — ^A device for changing or shifting a portion of a track so that the train will be 
diverted. An apparatus for turning on and off an electric cummt. 

Automatic Switch. — A switch that is workinl autc)mati(\'illy by the passage of a car, 
used principally by str(»et railways; also in vertical lift bridges. 

Derailing Switch. — ^A switch operated by hand, by machinery, or automatically, 
which will derail a train of cars. 

Replacing Switch. — ^A device uschI for replacing on the track the wheels of derailed 
cars. 

Split Switch, or Point Switch. — A switch having a point on one rail which fits closely 
against the other rail, thus giving a continuous track eff(>(;t. 

Stub Switch. — A switch with the ends of the rails of the main trsmk and switch track 
cut off sfiuare, the switch rails being firmly fastened to a chair and the main line 
rails that lead toward the switch moving with a sliding motion. These switches 
arc used only at yards. 

Switch-back. — ^A method or system of track constniction enabling a train to climb a 
steep slope by zigzagging bacik and forth over a succession of short tracks connected 
with each other by switches. 

Switch Bar. — See “Bar.” 

Switching Locomotive. — See “Locomotive.” 

Switch-signal. — A signal to apprise the train crew which track the switch is set for. 
In the daytime a swinging arm is used and at night diffc^rent colonnl lights. 

Switch-stand. — ^I'hc stand on one side of a track from which a hand-thrown switch 
is worked. 
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Swivel. — device consisting of a U-shaped bar attached to a plate having a hole in its 
centre through which passes the headed shank of a hook, thus permitting of an 
axial rotation of cither part. 

Swivel Bridge. — Same as “Swing Bridge.” See “Bridge.” 
wivel Hanger. — ^A hangcT for shafting with pivoted boxes to permit a certain amount 
of play and adjustmc'iit in the motion of the shaft. 

Swivel Head. — ^Thc upset end of the swivel hook, enlarged to prevent it from slipping 
through the eye in thci U-shaped half of the swivel. 

Swivel Hook. — ^The half of the swivci tliat works through the washer or small circular 
plate fastened to the U-portion of the device and to which the rope or chain is 
attached. 

Swivel Joint. — See “Joint.” 

Swivel Wrench. — See “Wrench.” 

Sword. — hand tool in the shape of a small sword, used for filling with mortar the 
joints in injisonry. 

Syenite. — A rock composed of fcildspar and homblend(^ with vcjry little or no quartz. 

Sylvester-wash. — The alternate applications of a solution of soap and one of alum 
to the dry surface of concretes construction so as to render the same impervious 
to water. 

Symmetry. — A condition of equality or balance of shape, size, and position between 
similar parts of a figurcj or body al)out a central axis. 

Axis of Symmetry. — ^A line about which the parts of a figure or body are symmetrically 
disposed. 

Centre of Symmetry. — ^I'he intc'rsection of the axes of syinmc'try. 

Plane of Symmetry. — ^A plane about which the parts of a figure or a body arc sym- 
metrically disposed. 

Sypher Joint. — See “Joint.” 

T 

Table of Data. — A list of the known circumstances that affect the designing of a 
structure. 

T-Abutment. — See “ Abut ment.” 

Tackle. — ^A combination of ropc's and pulley-blocks used in hoisting or lowering where 
a multiplication of force is desirtd. Same as “Block and Falls.” 

Boom Tackle. — ’^Fhe tackle us(m1 for manipulating the boom of a derrick. 

Differential Tackle. — “Differential Block.” 

Efficiency of Tackle. — ^The ratio of the actual load lifted to the thc'on'tical loful (i, c., 
the pull on the fall line multi])li(d by the nuinlxT of parts of the rope sustaining 
the load.) 

Fleeting Tackle. — A horizontd subsidiary tackle used in connection with the main 
hoisting tackh; to fle('t mc'inbers into place. 

Gin Tackle. — A systc^m of pulleys consisting of a double and a triple block, the standing 
(»nd of th(‘ fall line being made? fjist to the double block, which is movable. 

Luff Tackle. — ^l^hc tackle usc'd to hold the boom of a derrick from swinging 
sideways. 

Tackle Block. — See “Block.” 

Tackle Hook.--Bcc “Hook.” 

Tag Line. — Sec “Line.” 

Tail Block. — See “Blo(ik.” 

Tailings. — ^Refuse material from the mines. Also called chats. Used for making concretiC. 

Tail Wall.— See “Wall.” 

Take-up. — A device for taking up lost motion. 

Talus. — ^The mass of fragmentary rock or soil which accumulates at the foot of a hill, 
slope, or cliff as disintegration proceeds above. 
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Tamp. — ^To consolidate a material by pounding. 

Tamping Bar.— See “Bar.” 

Tangent. — A straight line passing through two consecutive points of a curve. The 
straight part of a railroad track. 

Tangential Stress. — See “Stress.” 

Tank Locomotive. — See “Locomotive.” 

Tap. — tool for cutting threiids in a hole. 

Tap BoIt.-vSec “Bolt.” 

Tape. — A long, narrow ribbon of flexible material graduated in lineal units. 

Bridge Tape. — A strong flat wire divided by clips into feet, with the two end feet 
divided decimally. 

Chain Tape. — A thin steel ribbon graduated on one side in feet and on the other 
side in surveyor’s links. 

Metallic Tape. — A tape made of cloth, but having metallic wires interwoven to 
give strength and to reduce the stn^tching. 

Standardized Tape. — ^A tape that has been compared with the ofiicial standard of 
length. 

Steel Tape. — A tajie made of steel. Used for accurate work. 

Tape Measure. — Same as “Tape,” q.w 

Taper. — ^To diminish in section regularly and gradually. 

Taper File.— See “File.” 

Taper Shank Drill. See “Drill.” 

Tap Wrench. — See “Wrench.” 

Tar. — ^A thick, dark, vise-ous liquid obtaimd by the destnictive distillation of substances 
such as wood, coal, peat, etc. 

Target. — A sliding disk on a level rod, used for fixing the position of the line of sight 
as determined by an engineer’s level. 

Tarpaulin. — ^A heavy canvas sheet used to cover materials and to protect work tem- 
porarily. 

Tarred Paper. — See “Paper.” 

Tassel. — Same as “Corbel,” q,v. 

Taut. — ^Tight; tense; not slack. 

T, or Tee Beam. — See “Beam.” 

T-Beam Girder. — S(H5 “Girder.” 

Teat. — Same as “Tit,” q.v. 

Teat DriU.— See “Drill.” 

T-Iron. — Same as “Tee,” q.v. 

Telemeter Rod. — Same as “Stadia Rod,” q.v. 

Telescope. — ^That part of an engineer’s traasit or level used for sighting on and mag- 
nifying objects. 

Telltale. — An indicator. A row of straps or ropes hung over and across a railway 
track so ;is to strike any one standing on a car-roof and warn him that the train 
is about to pass under or through a bridge or similar structure. 

Temper. — To bring a mental, such as steel, to a proper degree of hardness. The con- 
dition of steel relative to the degree of hardness. 

Temperature. — The intensity of the sensible heat of a body. 

Temperature Stress.— See “Stress.” 

Tempered Steel. — See “Steel.” 

Tempering. — ^The act of producing a temper in steel or other metal. 

Oil Tempering. — A process of plunging red-hot steel into oil to harden it. A term 
frequently used for oil hardening because the effect on the steel is similar to that 
of quenching in water and then drawing the temper by a subsequent application 
of a moderate heat. 
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Tempering. 

Water Tempering.—A process of heating hardened steel to draw the temper (lower 
the degree of hardness) and quenching in water when the desired condition (as 
indicated by the color) is attained. 

Tempering of Mortar. — See “Mortar.” 

Temper of Steel. — See “Steel.” 

Templet, or Template. — ^A full-eized pattern, generally made of wood and used to lay 
off work in bridge shops. 

Templet Punch. — See “Punch.” 

Tenacity. — ^That property of a body by which it resists being pulled apart. 

Tender. — ^The attendant at a bridge or on a part of construction work. A bid on a 
piece of construction work. An offer to do work for a consideration. A car 
at tackl'd to a locomotive for carrying a supply of fuel. 

Inside Lock Tender. — ^Thc man inside the air-lock who manipulates the pressure 
valve and the opening of the lock doors. 

Lock Tender. — ^'llie man who operates the air-lock in pneumatic sinking of bridge 
piers. 

Outside Lock Tender. — ^The man outside of the air-lock who assists in operating it. 

Tenon. — ^A projection, propc'rly of rf'ctangular cross-section, at the end of a pi(*ce of 
timber, to be inserted into a socket or mortise in another timber, so as to make a 
joint. 

Tensile.— Pertaining to t(;nsion. The character of the force which tends to separate, 
in the moat diri'ct manner possible, the adjoining parts of a body. 

Tensile Resistance.— See “ Resistance.” 

Tensile Strain. — See “Strain.” 

Tensile Strength. — Same as “Tensile Reijistance,” q,v. 

Tensile Stress. — See “Stress.” 

Tension. — ^TIkj states or condition of being stn^tched. 

Direct Tension. — ^Tension applied parallel to the axis of the member and unifonnly 
over its cross-section. 

Initial Tension. — ^Tension applied to a member before it is subjected to the principal 
load. 

Tension Bar. — See “Bar.” 

Tension Beam. — See “Beam.” 

Tension Bolt. -Stjc “Bolt.” 

Tension Brace. — Schi “ Brace.” 

Tension Joint.- -See “Joint.” 

Tension Member. — See “Member.” 

Tension Rod. — See “Rod.” 

Ten- wheeled Locomotive. — See “ Locomotive.” 

Teredo Navalis. — A worm-shaped, marine mollusc having a shell with two small valves 
at its head with which it bon^s into submerged wood. 

Terra Cotta. — A hanl jwttery used for building purpose's. 

Test. — A method for determining the properties of a material. The act of testing. 

Bending Test. — A test made by bending bars to determine their comparative brit- 
tleness. A test made on beams to determine their moduli of rupture. 

Boiling Test. — K test for determining the constancy of the volume of cement. Pats 
of cement mortar are miuh^, protected against drying for twenty-four hours, then 
put in hot water or steam for five hours, after which th(‘y are removed and ob- 
served for signs of cnicking and disintegration. If no such signs appear, the cement 
has proved satisfactory in respect to soundness. 

Heat Test. — Same as “Boiling Test,” q.v. 

Specimen Test. — ^A test of a portion of the material to be used in the construction 
of a structure. 
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Teat Bar.— Soc “Bar.” 

Testing Machine. — A machine provided with the mechanism for exerting a f(Hrce on a 
specimen of some matorisil and thereby determining its properties. 

Test Piece. — pieces portion, or specimen of any materiali used for testing or deter- 
mining its qualities and properties. 

Test Pile.-See ‘‘Pile.” 

Thacher’s Slide Rule. — Sec “Slide Rule.” 

Theorem of Three Moments. — See “Moment.” 

Thickening Washer. — See “Washer.” 

Thimble. — A sleeve or bushing used to join the ends of pipes, shafting, etc.; or to fill 
an opening, or to cover an axle. 

Thimble Coupling. —Same as “Sleeve Coupling.” See “Coupling.” 

Thimble Joint. — See “Joint.” 

Thinner. — ^A licpiid, such as turpentine, which is addcxl to paint in order to thin it, 
or to reduce its viscosity. Should be used with great caution in bridge 
painting. 

Non- volatile Thinner. — ^That portion of the thinner which is not volatilized by a 
currc»nt of st(‘am at atmospheric pressure. 

Volatile Thinner. — All that liquid portion of a paint, water exceptetl, which is vol- 
atilized in a curn'iii of steam at atmospheric pn'ssure. 

Third-class Masonry. — S( m' “M:isonry.” 

Thoroughfare. — ^.\ny street, alley, watercourse, or passageway used for public travel of 
any kind. 

Thread. — The htdix cut, on the shank of a bolt or screw. 

Left-handed Thread. — ^A spiraling in such a direclion that a counter-clockwise 
rotation of the bolt or sen'w produces a forwanl motion of the bolt. 

Pitch of Thread.— S('e “Pitch.” 

Pressed Thread. — A thread madc^ by pn*ssing itislead of cutting. 

Right-handed Thread. — A spiraling in sueJi a din»ction that a clockwise rotation of 
tlie bolt or sennv produces a forward motion of the bolt. 

Screw Thread. — ^The thn^ad on a screw, having a cross-section like an Inverted V. 
Square Thread. — A thread having a square or rectangular cross-scM!tion. 

Standard Thread. — ^A thrc'iid having the shape of spiraling and a )>itch conforming 
to some standard such as the American Bridge Company's Standard Thread. 
Y-Thread. — threiwl having a cross-section like an inverted letter V. 

Thread Cutter. —See “Cutter.” 

Three-hinged Arch. — See “Arch.” 

Through Bolt*— See “Bolt.” 

Through Bridge. — See “Bridge.” 

Through Cantilever. — See “Cantilever.” 

Through Girder. — See “Girder.” 

Through Span. — See “Span.” 

Through Truss.— See “Truss.” 

Thrust. — ^To push. The amount of push. 

Horizontal Thrust. — ^A thrust in a horizontal direction, as that of a braked train. 
Longitudinal Thrust. — ^A thrust along the longitudinal axis of a member. 

Thrust Angle. — See “Angle.” 

Thrust Axle. — See “Axle.” 

Thrust Bearing. — See “Bearing.” 

Thrust Collar.— See “Collar.” 

Thrust of an Arch. — See “Arch.” 

Thumb Nut. — See “Nut.” 

Thumb Screw. — See “Screw.” 

Tide Gauge. — See “Gauge.” 
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Tie. — piece of timber used in railroads for supporting and holding the rails together. 
A sleeper. A tension member of a truss. 

Beveled Tie. — ^A railroad tic in which the top and the bottom faces are closer together 
at one end than at the other. 

Cross Tie. — ^A railroad tic or sleeper. 

Diagonal Tie. — A tension diagonal incapable of resisting compression. 

Doty Tie. — A timber tie affected by a certain fungous disease. 

Half Round Tie. — ^A slabbed tie having greater width on the lower than on the top 
face. 

Heart Tie. — ^A railroad tie showing sapwood on one or two comers only and which 
sapwood dot^s not measure more than one inch on either comer on lines drawn 
diagonally across the end of the tie. 

Hewed Tie. — ^A railrosid tie which is hewed on at least two sides. 

Pecky Tie. — ^A tie made from a cypress tree that is affected with a fungous disease, 
known locally as peck. 

Pole Tie. — ^A lici made from a tree of such size that not more than one tic can be 
made from a section — hewed or sawcMl on two ])arallel faces. 

Quartered Tie. — ^A tie made from a tree of such size that four ties only can be made 
from a section. 

Sap Tie. — iS. tic wliich shows more than the prescribed amount of sapwood in cross- 
section. 

Slab Tie. — A tie mad(^ from a slab. 

Slabbed Tie. — A tie sawed on the top and bottom only. 

Split Tie. — A tie made; from a trise of such size that, by splitting, two or more ties 
can be made from a sfHstion. 

Strict Heart Tie. — A tic^ having no sapwood. 

Sub-tie. — ^A tension m(*mber in a subdividcxl panel of a truss. 

Treated Tie. — ^A ti<? which has be<‘n subjected to a pn'servative process, such as 
saturation with creosote und(*r heat and pressure. 

Wane Tie. — A square tic showing part of the original surface of the tree on one or 
more corners. 

Tie Bar.-^ee “J3ar.” 

Tie Beam. — See “Beam.” 

Tie Bolt.-- Sec “Bolt.” 

Tie Hammer. — S(ie “ILunmer.” 

Tie Line. — See “Line.” 

Tie Plate. — Same lus “Batten Plate.” See “Plate.” 

Tier. — ^A row or series, llestrictcd to vertical direction, A vertical division or panel- 
ing in a trestle lower. 

Tie Rod. -Sec “Rod.” 

Tie Spacing. — ^The interval between ties. Also the distance from centres to centre of ties. 

Tile. — An earthenware pipe used for drainage. 

Bonanza Tile. — A reinforced comimsition cement tik; used in roofing. 

Crown Tile. — ^A roofing tile used at the hips or ridges of roofs. 

Tile Floor.-^ee “Floor.” 

Tilt. — ^To forge with a tilt hammer. 

Tilt Hammer. — See “Hammer.” 

Timber Bent. — Same as “Frame Bent,” q.v. 

Timber Bolt.-Scc “Bolt.” 

Timber Buggy.— See “Buggy.” 

Timber Casing. — See “Casing.” 

Timber Coupling. — Sec “Coupling.” 

Timber Dogs. — Sec “Dog.” 

Timber Floor.-See “ Floor.” 
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Timber Jack.— See “Jack.” 

Timber Joists. — See “Joists.” 

Timber Hitch. — kind of knot. Set^ “Knot.” 

Timber Hitch and a Half-hitch. — Sih?. “Knot.” 

Timber Hook. — Same as “lumber Dog.” See “Dog.” 

Timber Lath.— Sihj “Lath.” 

Timber Lathe. — Sec “Lathe.” 

Timber Pier.-See “Pier.” 

Timber Truck. — A frame mounted on four whec'is which run on rails, used for trans- 
porting timber short distances. Any small, wheeltKi apparatus for moving timber. 

Timber Strut. — See “Strut.” 

Tint. — ^A color produced by the admixture of a coloring material not white, with a 
white pignumt or paint, the white predominating. 

Tinting Strength. — ^The power of coloring a given quantity of paint or pigment selected 
as a medium standard for estimating such power. 

Tipper. — ^A type of draw span supported at each of the two ends of the centre panel 
by a beam which, in turn, n'sts u}M)n wwlges or cams. The arrangement is such 
as to produce! an equal reaction at each supf)ort under the bearings of the trusses. 

T-Iron.— See “Iron.” 

Tit. — ^A small a(!cidental projection on a casting. Spelled also “'Feat.” 

Tit Driii.— S(‘e “Drill.” 

Toe. — ^I'he foot of a slope. The front part of thc‘ base of an abutment or retaining wall. 

Toe-nail. — To fasten a board or timber to t he surface of another by driving nails obliquely 
through the end or edge of the first timlxT and into the s(H!ond. 

Toggle. — A mechanical device consisting of two bars or plates hinged togethcT at their 
common ends and pivoted at the other ends; used for transmitting a force later- 
ally to its line of application. 

Toggle Bolt.— S<!e “Bolt.” 

Toggle Iron. — See “Iron.” 

Toggle Joint. — See “Joint.” 

Toggle Riveter. — See “Riveter.” 

Ton. — A unit of weight, generally equal to two thousand pounds. 

Foot Ton. — ^A unit of work equal to that involved in ovcTcoining one* ton of resistance 
through the space of one foot, or in raising one ton one f(X)t high. 

Inch Ton. — ^A unit of work equal to that involvcnl in raising one ton one* incdi high. 

Long Ton. — ^A unit of weiglit equal to 2,240 pounds, g(!nerally employed for coal 
and steel rails. It is the English ton. 

Metric Toil — ^A French ton, equivalent to 2,205 pounds nearly. 

Short Ton. — A ton of two thousatul prjunds. 

Tone. — ^The color whicih principally modifies a hue or a white or black. 

Ton-foot. — Same as “Foot-ton,” q,v, 

Tongs. — ^A tool for grasping objects, consisting of two flat, curved bars pivoted about 
a common centre. 

Hammer Tongs. — ^A pair of tongs which is dc!signcd for picking up the handles of 
tools or hammer heads which are red hot. 

Pipe Tongs. — ^A hand tool for grasping and turning pipes, consisting of two specially 
bent bars forming a jaw near one end, where it works on a X)ivot, and having the 
other end fashioned into handles. 

Rail Tongs. — ^Tongs with hooked ends and spreading handles, used for carrying rails. 

Rivet Tongs. — ^Tongs used by riveters for throwing and placing hot rivcits. 

Tongue and Groove. — A term applicxl to lumber in which one edge of a board has a 
recess for receiving the projecting tongue of the adjacent board, while the oppo- 
site edge has a projecting tongue to fit into the recr!ss of the next board. 

Tongued and Grooved Joint. — See “Joint.” 
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Tongue Joint. — See “Joint.” 

Tongue Plate. — See “Plate.” 

Tool. — ^Any thing, device, or apparatus used to facilitate mechanical operations; usually 
restricted to small implements. 

Balling Tool. — hand tool used for collecting into a mass the iron in a puddling 
furnace. 

Calking Tool. — ^A tool used for the process of calking. 

Cutting Tool. — ^A tool usckI for cutting materials. 

Heading Tool. — ^A tool for the swaging of bolt heads. 

Radius Tool. — ^A tool used by cement finishers to form a round comer on exposed 
concretes work. 

Tool Box.— Sim. “Box.” 

Tool Chest. — A chest or covered box for the storing or shipj}ing of tools. 

Tool Dressing. — See “Dressing.” 

Tooled Ashlar. — See “Ashlar.” 

Tool Finish. — Same as “Tool Dn»ssing,” q.v. 

Tool House. — ^A house for the storage and safe-keeping of tools. 

Tooling. — ^The act of operating with a tool upon an obji'ct. 

Tool Steel.— See “Steel.” 

Tooth. — ^^rho project ion or cog on a gear wheel which meshes with a like projection on 
anothiT similar gear. 

Epicycloidal Tooth. — \ form of gear tooth having both faces and fianks curved to 
conform wit h arcs of an epicycloid. 

Face of Gear Tooth. — ^The part of the rolling siurface of a ge^ tooth outside the 
pitch circle. 

Flank of Gear Tooth. — ^"i'lic part of the rolling surface of a gear tooth inside the 
pitch cinjle. 

Involute Tooth. — \ form of gear tooth in which the facias conform to an arc of an 
involute and the fianks to radial planes. 

Point of Gear Tooth. — ^The outiT I'lid of a tooth on a gear wheid. 

Rack Tooth. — ^^Fhe tooth on a rack which meslu's with a gear. 

Root of Tooth. — The base of the tooth where it joins the rim of the wheel. 

Tooth Axe. — See “Axe.” 

Tooth Axed Dressing. — ^A form of stone dn*ssing. Sei^ “Dn*ssing.” 

Toothed Chisel.— Sim* “Chisel.” 

Toothed Dressing. — See “Dressing.” 

Toothed Wheel. See“ V heel.” 

Toothing. — A gi'iieral term for a system of teeth. 

Tooth Pitch. — Same as “Circular Pitch.” 

Tooth Pressure. — See “Prcssurc.” 

Top Chord.— S.ec “Choixl.” 

Top Lateral Bracing. — See “ Bracing.” 

Topographical Map. — Sim; “Map.” 

Torque. — ^The moment of a force or a system of forces tending to produce rotation. 

The starting capacity of a rotative machine. 

Torsion. — ^The twist or deformation of a body set up by a torque. 

Angle of Torsion. -The amount of twist or deformation produced by a torque. 
Coefficient of Torsion. — ^The angL'* of torsion produced in a wire of unit dimension 
by a force acting with unit moment. 

Moment of Torsion. — Ti e sum of all the moments of the intoraal forci^s in a body 
that is resisting a twisting moment. It is equal to the sum of the moments of all 
the applied forces that tend to produce torsion 
Torsional Strain.— See “Strain.” 

Torsional Stress.— See “Stress.” 
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Total Energy. — Soc “Energy.” 

Total Haul.— See “Haul.” 

Total Splice. — See “Splice.” 

Total Stress. — See “Stivsa.” 

Touch Micrometer. — St'c “Micrometer.” 

Tow. — boat or barge, or a collection of boats or barges, haultxl by another vessel. 

A raft of logs hauk^d by a power vessel. 

Tower. — See “Post.” 

Tower. — A v(‘rtical stiiicturc consisting of two or more bents of framework connected 
by bra(;ing.” 

Tower Bracing. — Sec “Bracing.” 

Tower Panel.- -See “Panel.” 

Tower Span. — S(‘e “Span.” 

Tower Truss. — See “Truss.” 

Tracing. — A drawing made on transparent cloth. The act of copying on tracing cloth 
a drawing placed bem^ath. 

Tracing Cloth, or Tracing Linen. — A fine linen fabric coverc'd with a gelatinous material 
or sizing making it transparent so that it can be used for copying drawings. 
Tracing Paper. — S(*e “Paper.” 

Track. — A set of rails or plates and their sup|)orts on which may be rolled a body or 
structure provided with wheels or rollers. 

Double Track. — A track consisting of two i)airs of rails. 

Lorry Track. — track on \vhich a lorry runs, usually a narrow-gauge track found 
around blast furnace's and coal tipplers. 

Side Track. — A sc'condary track parallel to and connectc'd with the main track of a 
railroad. 

Single Track. — A track with a single pair of rails. 

Spur Track. — A short track leading from the main track and connected to it at one 
end only. 

Track Bolt. -See “Bolt.” 

Track Gauge.— See “Gauge.” 

Track Jack.— 'See “Jack.” 

Track Joists. — Sc'c “Joist.” 

Track Maul.— S(m' “Maul.” 

Track Pile-driver. — S('e “ Pile-clriver.” 

Track Rail.— See “Rail.” 

Track Segment. — See “Segment.” 

Track Spacing. — "Fh** an-ang(*ment of tracks with respect to each other. The distance 
between track ei'ntres of adjacent tracks. 

Track Spike. — See “Sf)ike.” 

Track Stringer. — See “Stringer.” 

Track Tie.— Same as “ Crc3ss Tie,” See “ Tie.” 

Track Walker. — A man who makes regular inspection trips along th(i track by walking. 
Track Wrench. — Sec? “Wrench.” 

Traction. — TIkj force reciuired to draw a body. 'Fhe adlu'sive n'sistance of a driving- 
wheel on a- rail. 

Traction Bracing. — Same Jis “Train Thrust Bracing.” Sec “Bracing.” 

Traction Load. — See “Load.” 

Traction Stress. — See “Stw^ss.” 

Traction Thrust. — Same as “Traction Load,” q,v. 

T-Rail.— See “Rail.” 

Train Thrust Bracing.— Sec “Bracing.” 

Tram. — A small car used on a tramway. 

Tram Crane. — Same as “Traveling Crane.” 
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Trammel. — A drawing instrument for describing circles of large radii, consisting of a 
bar and two sliding parts which can be adjusted to the dc^sin^d radius by sliding 
them along the bar. One sliding part is provided with a point for centering and 
the other with a pen or pencil for drawing the curve. Called also a '^Bearn Com- 
pass.” 

Tramway. — ^A temporary track built near a bridge and used in connection with tramcars 
for transporting materials to the work. 

Transcendental Curve. — Sec “Curve.” 

Transferred Load. — “Load.” 

Transferred Load Stress. — Sec “Stress.” 

Transformed Catenary. — See “Cat<?nary.” 

Transit. — ^An engineer's instrument for running lines, measuring or laying off angles, 
obtaining diff(?rences in elevations, etc., in field work. It consists of a telescope 
mounted on a horizontal axle and capable of a complete revolution. The stand- 
ards supporting the axle arc attached to a horizontal plate capable of rotation 
in its own plane. These two rotations j)c^rmit of the measiir(*ment of vertical 
and horizontal angles and the prrijc^ction of a line in any direction. 

Transition Curve. — Same as “Easement Curve.” See “Curve.” 

Transitman. — ^Thc man who operates the transit. 

Transit Point. — ^A point over which the transit is scit. 

Transverse. — lOxtcmding acro.ss. Crosswise direction. 

Transverse Beam. — Sw; “Beam.” 

Transverse Bracing. — Sec “Bracing.” 

Transverse Component. — Sec “Component.”* 

Transverse Girder. — Sec “Girder.” 

Transverse Line. — S(»<» “Line.” 

Transverse Load. — See “Lojul.” 

Transverse Section. — See “Section.” 

Transverse Shear. — See “Shear.” 

Transverse Strain. — See “Strain.” 

Transverse Stress. — Sec “Stress.” 

Transverse Vertical Bracing. — Same as “Transverse Bracing,” q.v. 

Trap. — ^A hard, dark-colored, volcanic rock used for concrete rojidway pavements, and 
ballast for railroads. Also a device that will intercej)! matcTial in flowing water. 

Sand Trap. — A device for separating siind from watc*r. 

Trass. — A gray, yellow, or whitish earth made up in large part of comminuted pumice 
or othcT volcanic material. Resembles i>ozzuolaTia. Used for making hydraulic 
cement. 

Traveler. — form of derrick mounted on whc'els, used in the c'ri'ction of bridges. 

Creeper Traveler. — small movable derrick running on a track on the upper chord 
of a tniss. It usually has two booms. A multi traveler. 

Gantry Traveler. — A framework of two or three bents or gallows frames, braced 
longitudinally anti carried on a track supporttnl on false\vork and placed outside 
of the tnisst's. The traveler clears the span at all iM^ints anil can be rolled back 
and fort-h as needed. It carrit's a number of blocks and tackles which arc operated 
by a hoisting engine phictHl on a platform near the base. It is used in enaction for 
hoisting and placing the members of a truss. 

Traveler Wheel. — See “Wheel.” 

Traveling Crane. — See “Crane.” 

Traveling Girder. — See “Girder.” 

Traverse Line. — See “ Line.” 

Tread. — ^The bearing surface of a wheel or of a rail. The steps of a stairway. 

Treated Tie.-Bee “Tie.” 

Treated Timber. — ^Timber which has been subjected to a preservative prociNss. 
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Treenail. — cylindrical pin of hard wood used to fasten timbers together. 

Tr^mie. — long tube or box used for depositing concrete under water by a process of 
continuous filling at the upper end and discharging at the lower, accomplished by 
a slight churning motion. 

Trench. — A long, narrow excavation. 

Trestle. — A bridge structure composed of bents or towers and supporting stringers or 
girders forming the floor system. 

Framed Trestle. — ^A trestle having framed bents. 

Knee-braced Trestle. — A trestle provided with knee braces. 

Pile Trestle. — A trestle having pile bents for supporting the deck. 

Trestle Bent. — See “Bent.” 

Trestle Bridge. — Schj “Bridge.” 

Trestle Cap. — See “Cap.” 

Trestle Work.—Soe “Work.” 

Triangle. — A figure boundc^d by three straight sides. 

Force Triangle. — A system of thn»e forces in ecpiilibrium ropresenteil by three si<h*s 
of a triangle drawn paralkd and with lengths proportional to the respective forc(‘s. 

Triangular File. — See “File.” 

Triangular Girder. — See “GirdcT.” 

Triangular Lattice Truss. — See “Tniss.” 

Triangular Scale.— ^ee “Scale.” 

Triangular Truss. — Sec “Truss.” 

Triangulation. — The process of locating points or determining distance's by a system 
of triangles constructed on a measiiiTd base line, pcTinitting tlu^ measurement of 
iuljacont angk's. 

Triangulation Hub.— See “Hub.” 

Triangulation Point. — ^The point at the comer of the triangle over which tlu^ transit 
is set in order to measure the angk'. 

Triangulation Sheet. — ^The drawing upon which is shown the triangulation system for 
a bridge with the diiru'nsions thereof. 

Tricalcic-silicate.- —^'he chief constituent of Portland cement, whicdi is the active ele- 
ment composed of calcium, oxygen, and silicon, as defined by the chemic;al formula 
aCaO.SiOj. 

Trigonometric Function. — Sc'c “Function.” 

Trip.— A device for tripping or releasing a hammer, or for opc'tiing a collapsibh^ bucket. 

Trip Hammer. — Sec “ Hammer.” 

Triple Block.— See “Block.” 

Triple Cancellation. — Sim* “Cancellation.” 

Triple Intersection. — Same as “Triple (yancellation.” Scic “(Cancellation.” 

Trip Une.— See “Line.” 

Tripod . — An arrangement of three legs pivotcMl to a h(^adpif^ce, used for supporting an 
instrument such as a transit or a level. 

Trolley. — A small flanged wheel arranged to i-un upon a win? or rod. 

Trough Floor. — See “Floor.” 

Trough Plate. — See “ Plate.” 

Trough Plate Floor. — See “ Floor.” 

Trowel. — A mason’s tool consisting of a handle and a flat triangular-shaped blade for 
handling mortar. 

Hand Float Trowel. — ^A fom. of trowel having squanKl ('iids and the handle between 
them. 

Troweled Finish. — See “Finish.” 

Troy Rod.— Sec “Rod.” 

Truck. — A small vehicle consisting of a frame mountc^d on two or four wheels. A group 
of four or more wheels in a frame supporting one end of a railway car. 
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Truck. 

Bogle Truck. — railway truck mounted on two or more pairs of wheels and attached 
to a car or locomotive engine by means of a vertical king pin about which it turns 
so as to facilitate the rounding of curves in the track. 

Timber Truck. — ^A frame mounted on four wheels which run on rails. Used for 
transporting timber. Any small wheeled apparatus for moving timber. 

Truck Jack.— See ''Jack.” 

True Discount. — See "Discount.” 

True Horsepower. — Same as "Indicated Horsepower.” See "Horsepower.” 

True Stress. — See "Stress.” 

Truncated Bow String Truss. — See "Truss.” 

Trundle. — Same as "Lantern Wheel,” g.w. 

Trunnion. — A fonn of short axle attached to the side of a body. 

Trunnion Bascule Bridge. — See "Bascule.” 

Truss. — ^A framinl or jointed structure designed to act as a beam while each of its 
members is primarily subjected to longitudinal stress only. 

A-Truss. — ^A four-panel truss having cxtendc^d batter posts intc'rsecting over the 
centre resembling somewhat the letter A. See Fig. 22dd. 

Arch Truss. — A truss having an arched upper chord in compression and a straight 
bottom chord or tie rod with vertical hangers. 

Baltimore Truss. — truss composed of parallel chonls and subdivided panels. 
Sec Figs. 22c and 22d. 

Bollman Truss. — A trussed beam, each panel-load being carried directly to the ends 
of the iippcT chonl by two inclincnl tension members, there bfung no stress in the 
lower chord. Propcjrly speaking, it is not a truss, but a multiples suspension system. 
S(ie Fig. 22o. 

Bowstring Truss. — A truss in which the 1ow(t chord is horizontal and the upper 
chord joints lie* in the arc of a parabola, or similar curve. 8ee Fig. 22s. 

Bridge Truss. — Any truss used in a bridge span. 

Burr Truss. — ^A timber truss with counter-struts inserted throughout the entire 
length giving very great rigidity. 

Camel-back Truss. — A truss having a broken outline for the upper chord taking 
the hiimpinl shape of a camel’s back. See Figs. 22ec and 22ff. 

Cantilever Arch Truss. — ^A cantil<?v<*r truss having the shape of a portion of an arch. 

Cantilever Truss. — ^A tniss overhanging its support at one end and anchored down 
at the other. 

Continuous Truss. — A tniss which extends over three* or more supports. 

Crescent Truss. — A truss with both chonls cuirvcHl upward, or both downwanl, and 
making sharp intersections with each other at the ends, pnHliKung in outline the 
appearance of a (Ti'sccmt, the web system bi'ing of th(» triangular type. 

Deck Truss. — A loose expn*ssion for the truss of a deck span. 

Double Bowstring Truss. — A tniss in which the joints of each chord lie in curves 
concave to each oth(*r. See Fig. 22r. 

Double Intersection Truss. — ^A truss having two intersecting diagonals for each 
panel. See Fig. 22i. 

Double Triangular Truss. — Same as "Double Intersection Truss,” q.v, 

Fink Truss. — Properly, a trussed beam. See Fig. 22n, 

Half-through Truss. — ^A loose expression for the truss of a half-through span. 

Hog-chain Truss. — Properly a trussed beam. Same as an inverted "Queen Post 
Truss,” q.v. 

Horizontal lYuss. — ^A tniss placed in a horizontal plane. 

Howe Truss. — ^A form of truss in which the vertical members of the web take tension 
and the diagonal members compression. See Fig. 22p. 

Intermediate Truss. — ^The centre truss of a three-trui» span. 
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Truss. 

Joggle Truss. — type of timber truss in which the members arc connected by jog- 
gles, q,v. Also a truss having only one joint. 

Kellogg Truss. — A variation of the Pnitt truss. See Fig. 2266. 

King Post Truss, or King Truss. — Properly a tnissiKl beam with one vertical post 
at centre. 

K.-Type Truss. — See Figs. 22(jg and 22/iA 

Lattice Truss. — A truss having several web systems. See Fig. 22L 

Lenticular Truss. — Same as “Double Bowstring Truss,” q.v. Sec Fig. 22r. 

Linville Truss. — Same as “Whipple Truss,” q.v. 

Multiple Truss. — A. truss having a multiple eam;cdlation web systc'in. 

Murphy Truss. — A Whipple Truss having eye-bars for the lower chords. 

Palmer Truss. — Same as “ Burr Truss,” q.v. 

Parabolic Truss. — A bow-string truss having the upper chord joints lying in a 
parabola. See Fig. 22s. 

Parker Truss. — A name sometimes used for the Pratt Truss when the upper chord 
is polygonal. Sec Fig. 22/). 

Pegram Truss. — X form of truss having the panel points of th(» upper chord lying 
in the arc of a circle and inclined web members. S('(‘ Fig. 22cc. 

Pennsylvania Truss. — A Petit truss with an inclined chord. See Figs. 22c and 

22 /. 

Petit Truss. — A modified form of the Pratt truss having subdiagonals. See Figs. 
22c, 22d, 22c, and 22/. 

Pin-connected Truss. — Any truss having its main mc'inbcTs joined by pins. 

Pony Truss. — A low truss without an}^ overhc'ad bracing. 

Post Truss. — See Fig. 22q. 

Pratt Truss. — A type* of truss having paralh*! chords and an arrangem(*nt of web 
memb<*rs of tension diagonals and compression v(*rtieals. S(*e Fig. 22rt. 

Primary Truss. — A main truss which supjxirts smaller trussc*s. 

Quadrangular Truss. — Same as “Pratt Truss,” q.v. 

Queen Post Truss. type of truissed beam having two vertical posts. 

Riveted Truss. -.Vn}' truss having its main members riveted tog(*tlier. 

Roof Truss. — .Vny truss used in supporting a roof. 

Schwedler Truss. — modificution of the W hipple Truss. Sex; Fig. 2*2aa. 

Secondary Truss. — A truss supported by another truss. 

Single Intersection Truss. — A truss with one vreb system only. See Fig. 22<7. 

Stiflfening Truss. — A truss us(*d in connection with a suspension cable to distribute 
the load over the length thereof. 

Subdivided Warren Truss. — ^A W'arren truss with verticals having subdiagonals and 
subverticaLs. It bears the same n*lation to Fig. 22/ as the Petit truss do«*s to the 
Pratt truss. 

Through Truss. — A loose exprfjssion for a truss of a through span. 

Town Truss. — A form of lattices truss having double chord systems and two web 
systems in different plain's. See Fig. 1/. 

Triangular Lattice Truss. — S(;c Fig. 22/. 

Triangular Truss. — A truss having inclined web memb(*rs. See Fig. 22(j, 

Truncated Bow-string Truss. — A bow-string truss with sipiared ends. 

Warren Truss. — ^A form of triangular truss comix)sed of (equilateral triangles. Sec 
Fig. 22A;. 

Whipple Truss. — \ double intc^nx'ction Pmtt truss. Sec Fig. 22^;. 

Wind Truss. — ^A truss to carry a wind load. 

Windward Truss. — ^^Fhc truss next to the wind. 

Truss Block. — See “Block.” 

Truss Bridge. — See “ Bridge.” 
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Truss Deformation. — Sec Deformation.” 

Truss Depth.— See “Depth.” ‘ 

Trussed Arch. — Same as “Braced Arch,” q,v. 

Trussed Beam.— See “Beam.” 

Trussed Eye-bars. — See “Eye-bar.” 

Trussed Girder. — See “Girder.” 

Truss Eiement. — Sec “l<]lemcnt.” 

Truss Girder. — See “Girder.” 

Trussing. — A system of rods attachcnl to the ends of a bc'am, girder, or column and 
held then»from by short struts betwwm the member and the rods. 

Truss Joint. — See “Joint.” 

Truss Member. — Same as “Truss Element,” q.v. 

Truss Pin.— Sec “Pin.” 

Truss Rod. — See “Rod.” 

Truss Shop. — A shop where bridge trusses am manufaeturcHl. 

Truss Spacing. — ^The perpendicular distance between the central planes of trusses of a 
bridge. 

Truss Span. — S(?e “Span.” 

T-Square. — S(^c “Squiu^.” 

Tube. — A pip(» of small size. A hollow cylinder. 

Guide Tube. — A contrivance by which a boring bit or drill is guided, commonly a 
fixcnl tube to prevent swinging. 

Tube-mill. — A shop where tubes are drawn. 

Tubular Arch Bridge. — See “ Bridge.” 

Tubular Bridge. — S('(? “ Bridg(\” 

Tubular Girder. — See “Girder.” 

Tuck Joint. — S<»e “Joint.” 

Tug. — A small, powerful boat for towing. 

Tumbler. -“-Same as “Rat Her,” q.v. 

Tungsten Steel. — See “Steel.” 

Tunnel. — An excavated pjissageway under the ground or the water. 

Tup. — A ram. 

Turnbuckle. — A device for tightening or drawing together two parts of a rod, consisting 
of a sleeve having an interior right-hand thn^ad at one (‘nd and an interior left- 
hand thn':ul at the other. This sh'eve engagers the threaded ends of the two 
pieces of rod so that a turning thereof in one direction screws up on the rods and 
in the mverse direction unscrew’s on them. 

Turned Bolt.— S('e “Bolt.” 

Turned Shafting. — Se(» “Shafting.” 

Turning Bridge. — Sana' jis “Swing I3ridge.” See “Bridge.” 

Turning Point. — A point of reference on some firm object, us(mI in levelling for resetting 
th(^ instniment . 

Turnout. — A railroad switch or siding. 

Turnstile. — A revolving gate. 

Turntable. — The framework under the swing span which transmits the load to the 
bearings. 

Centre-bearing Turntable. — A turntable having a centre pivot for supporting the load 
during operation. 

Double Rim-bearing Turntable. — A turntable comprising two concentric circular 
ginh^rs or rims, each transferring its part of the load to an independent set of 
rollers. 

Rim-bearing Turntable. — A turntable having a circular girder, or rim, to transfer 
the load to a set of rollers. 

Turntable Girder.— See “Girder.” 
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Turpentine. — An olcorosin exuding from several varieties of coniferous trees, used as a 
thinner in mixing paints. 

Tuyere. — A tube or pipe through which air is blown directly into a blast furnace. 

Twist. — ^A rotation of one body about another, or of a part of a body about another 
part of the same body. 

Angle of Twist. — Same as the “Angle of Torsion,” q,v. 

Twist Drill.— Sec “Drill.” 

Twist Drill Grinder. — An emery wheel mounted on a shaft in a frame having an ad- 
justable rest, for holding the twist drill during grinding. 

Twisting Moment. — Same as “Torque,” q,v. 

Twist Joint. — See “Joint.” 

Two-blocks. — An (expression used by bridge erectors in hoisting to signify that a stop- 
ping point or limit has been reached; derived from the condition of a block and 
tackle being overhauled until the two blocks come together when no further mo- 
tion in the same direction is possible. A synonym for this is “Chock-a-block.” 

Two-hinged Arch. — Sec “Arch.” 

U 

U-Abutment. — See “Abutment.” 

U-Bolt.— See “Bolt.” 

Ultimate Resistance. — See “Rc'iistance.” 

Ultimate Strength. — Same as “Ultimate Resistance.” See “Resistance.” 

Ultimate Stress. — See “Stress.” 

Unbalanced Bid.— See “Bid.” 

Unbalanced Load. — Sec “Load.” 

Unbalanced Wheel.-See “Wheel.” 

Uncoursed Rubble. — Same as “Random Rubble.” See “Rubble.” 

Underdrain. — To drain by forming channels underground. 

Undermine. — ^To excavate beneath a structure. 

Underpin. — ^To pin or support an existing wall by excavating at intfwals beneath 
it and building in piers, after which further excavation is made bidwi'cm the pic'rs 
and the spacers then are filled with solid walls. 

Underpinning. — ^The process of placing underpins. The collective name for the group 
of underpins. 

Unequal Coursing. — Same as “Random Coursing.” See “Course.” 

Unfilleted. — Without fillets. Sharp cornered. 

Uniform Load. — See “Load.” 

Uniform Load Stress. — Sec “Stress.” 

Uniform Resistance. — See “Resistance.” 

Uniform Section. — See “Section.” 

Uniform Strength. — Same as “ Uniform Resistance,” qjo. 

Uniform Stress. — See “Stress.” 

Union. — A form of coupling, used for connecting two pieces of pipe. 

Flange Union. — A type of pipe connection consisting of two circular plates with hubs 
bored and tappcxl to screw on the ends of the pipes, and held together with bolts. 

Pipe Union. — A form of pipe connection, employed for making a closure in a system 
of pipes. Its essential features are two end pieces which screw on the pipe ends 
and fit into each other, also an outer ring or sleeve having an inner shoulder at 
one side, which bears against one of the end pieces as the ring is turned aiid screwed 
on the other end piece, thus pulling the two ends together. 

Union Joint. — See “Joint.” 

Unit Cost. — Sec “Cost.” 

Unit Price. — ^The price per unit of magnitude, such as the price per hour, per ton, per 
square foot, per cubic yard, etc. 
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Unit Stress. — See ''Stress.” 

Unit Weight. — ^The weight per unit of magnitude, as the weight per cubic foot. 

Universal Grinder. — grinding machine having an emery wheel mounted on a shaft 
with a universal joint admitting of a swinging motion in any direction. 

Universal Joint. — Sec "Joint.” 

Universal MiU.~Sec "Mill.” 

Universal Mill Plate.-~Sec "Plate.” 

Unreeve. — ^To withdraw a rope from a set of blocks. 

Unstable. — Not fixed; not in permanent equilibrium. 

Unsupported Length. — See "Length.” 

Unsupported Width. — ^Thc width of a plate between the nearest points of lateral 
restraint. 

U-Nut.— See "Nut.” 

Uphead. — Same as "Upset,” q.v. 

Uplift. — ^The tendency of a structure, due to special loading conditions, to rise from 
its supports. Negative reaction. 

Uplift Stress.— See "Stress.” 

Upper Chord. — Same as "Top Chord.” See "Chord.” 

Upper Deck. — See "Deck.” 

Upper Laterals. — Same as "Top Laterals.” See "Laterals.” 

Upper Falsework. — Sec "Falsework.” 

Upper Lateral Bracing. — Sec "Bracing.” 

Upper Lateral Rod. — ^Any rod in the upper lateral system. Sec "Lateral Rod.” 

Upper Laterals. — See "LatcTal.” 

Upper Lateral Strut. — Any stmt in the upper lateral system. 

Upper Track. — In rim-bearing draw spans, the plate attached to the bottom of the 
rim and bearing on the rollers. 

Upper Track Segment. — One of the pieces composing the upper track. 

Upset. — ^To thicken a piece of metal by heating and hammering on tin? end. 

Upset-end. — ^The end of a bar or rod which has undergone the process of upsetting. 

Upset Rod.— See "Rod.” 

Upward Reaction. — Sec "Reaction.” 

Uses. — ^A rough block to be made into small forgings. 

V 

Vacuum Process. — ^An abandoned process for sinking piers. Its essential feature was 
the intermittent loading of the caisson by suddenly withdrawing the air from 
the working chamber, leaving the outside atmosphej-ic pressure unbalanced, and 
thereby giving a downward impulse to the caisson. See "lYautwine” for details. 

Valley. — A re-entrant angle formed by the intersection of two jjarts of a roof. 

Valve. — A device for closing the passageway in a pipe, duct, or conduit. 

Air Valve. — A valve controlling the passage of air. Also a valve admitting air to 
a steam boiler, preventing the formation of a partial vacuum when the steam 
condenses. 

Ball Check Valve. — A check valve formed by a ball resting upon a concave circular 
scat. 

Ball Valve. — ^A valve cortrollcd by a float ball. A valve; formed by a ball resting 
upon a concave circular seat, a form of check valve. 

Centre Valve. — A four-way valve. 

Check Valve. — ^A valve arranged to permit a flow in one; din'ction only, thereby pre- 
venting the return of the fluid. 

Clack Valve. — ^A valve hinged at one end so as to permit the flow of the liquid in 
one direction only. 
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Valve. 

Clapper Valve. — fonn of check valve used in pneumatic work to prevent the escape 
of air from the working chamber when the compressor shuts down. 

Coupling Valve. — “Coupling Valve.” 

Crown Valve. — A crown-shaped valve sliding over a slotted box, such as the slide 
valve in a steam engine. 

Discharge Valve. — A valve through which a fluid is discharged. 

D- Valve. — Same as “Slide Valve,” 

Flap Valve. — Same as “Ch(*ck Valve,” q.v. 

Gate Valve. — A valve having a slide or gate* placed at right angles to the flow of 
the liquid and arranged to draw completely to onci sidi? wh(»n openwl, thereby 
offering little obstruction to the flow, but completely stopping it when cIosihI. 

Globe Valve. — A valve having an ('xtcrior form like a globe anti an inttTior movable 
disk, parallel to the flow, fitting into a circuhir seat in a bent ])artilion inside the 
globe. 

Head Valve.— "rhe upper air-pump valve of a cond(*nsing steam engine. 

Hydraulic Valve. — .Viiy valve controlling the flow of water. 

Leaf Valve. — Same as “Clack Valve,” q.v. 

Lever Valve.- -.V valve having a lever and weight at t aehi‘d to kc'ep it closed until 
the pressure on its disk exctHnls a pmlettTmintHl amount, at whi(;h time it opens 
and pt'nnits somt* of the fluid to escape. An old form of safety valve, usc'd on 
steam boik^rs. 

Piston Valve. — X reciprocating valve, having the form of a piston working in a tubular 
passage, which opens and clos(‘s successively the ports of a (jylindcT of a steam 
engine. 

Receiving Valve. — .V valve admitting the flow of a liquid. 

Slide Valve. — A valve having a n*ciprocating motion, us(*d in engines to open siic- 
ces.sively the admission and the exhaust ports. 

Stop Valve. — Same jis “Gate Valve,” qj\ 

Vanadium Steel. — Sec* “Stc^el.” 

Van Dyke Print. — A positive print taken from a negative; print in the same color. 

Vanishing Point. - point in perspective drawing where paralh*! lines appi*ar to intc*rsect 
the ground line or horizon. 

Varnish. — A solution of certain gums or resins in alcohol or linsc*c*d oil; used by painters 
to produce a hard, transparent coat or surface. 

Vehicle. — An oil or othcT nuKlium us(»d liy paintc'rs for carrying the pigment of a i)aint. 
Any apparatus for carrying lemds. 

Non-volatile Vehicle. — The lie]uid portion of a paint, excerpting only its volatile; 
thinneT and wate*r. 

Velocity.— The rate of motion. 

Angular Velocity. — The* rate of angular motion. 

Lineal Velocity. —The rate; of lineal motion. 

Virtual Velocity. — Sc*e* “ Virtual.” 

Vent or Vent-hole. — An outle»t or passage; for fluids. 

Vermiculated. -Tortuous or sinuous like a worm. 

Vermiculated Dressing. — Se;e; “Dre*ssing.” 

Vernier. — A small movable scale; running paralle*! to a fixed scale and graduated so 
that n + 1 or n — 1 parts on the vernier are cjqual to n parts of the primary 
scale*. 

Vernier Calipers. — See “Calipesrs.” 

Vernier Plate. — See “Plate.” 

Vertex. — ^The highe;st point, crown, or apex. 

Vertical. — ^Upright, plumb, perpendicular to the horizon. Also an upright member in 
a truss. 
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Vertical. 

Hip Vertical. — ^The uprighi tension member attached to the pin or to the plates at 
the hip of a truss and canying a floor beam at its lower end. 

Sub Vertical. — ^The upright member in a subdivided panel running from midpanel 
point to the chord. 

Vertical Bracing. — See “Bracing.” 

Vertical Clearance. — See “Clearance.” 

Vertical Curve. — Sc^e “Curve.” 

Vertical Lift Bridge.—See “Bridge.” 

Vertical Line.— Sec “Line.” 

Vertical Strut. — See “Strut.” 

Viaduct. — ^An extended bridge of many spans, mainly over dry ground. Usually con- 
sists of altiornatc*. towers and open spacers or bays. 

Vibration. — ^A movom(;nt back an(i forth. A form or mode of motion in which the 
moving i)iirticlc occupies successive positions in ^('cur^c^nce. 

Amplitude of Vibration. — ^I'hc maximum movement or displacement of any particle 
that vibrates. 

Cumulative Vibration. — A piling up or a supcTposing of vibration. An increasing 
vibration. 

Period of Vibration. — Thv time nupiired for the vibrating partude to make one com- 
plc;t(^ movement back and forth. 

Vibration Rod.— Set; “Rod.” 

Vibratory Stress. — See “Stress.” 

Vicat Needle. -A small d<‘finitely w<‘ighted needle having a point of a definite, pri'scribed 
area; us(*d in testing tla^ activity of cement. 

Virginia Hemp.— Sw “Hemp.” 

Virtual Moment. — A t(‘rm applied to the product of a force by its virtual vcdocity. 

Virtual Velocity. — 2\n aibitrar^'^, infinitr'simal displaceiiu'nt of the point of application 
of a force rc'solved into the line of action of the said force. The term is a mis- 
nomer, for it has nothing whatsoever to do wdtli velocity. 

Vise. — An appliance or t(M)l for gripi)ing and holding an object, consisting of two jaws 
and a s(T('w with a handle for forcing the jaws together. 

Anvil Vise. — A vis(» with an anvil on the fixed jaw. 

Bench Vise. — A vise* constructed so that it may be attach(»d to a bcmch. 

Hand Vise. — A small vise to be ludd in the hand while? gripping the object. 

Pipe Vise. — A vise with jaws notched to receive a pipe. 

Vitrifaction, or Vitrification. — ^'Fhe act of vitrifying. 

Vitrified Brick.->See “Brick.” 

Vitrify. — ^"I'o convert into glass by the application of heat. 

Voids. — ^The s]>ac('a bed ween the particles of a substanci* or of a mixture; list'd in con- 
nection with sand, broken stone, or gravel for concrett*. 

Percentage of Voids. — ^The ratio of the unfilled space to the total spaci' in an aggregate*, 
cxpresstMl tis a percentage. 

Volatile Thinner. — See “Thinner.” 

Voltmeter. — An electrical instniment for measuring a drop in voltage or the difft'rence 
in potential between two points in a circuit. 

Volume. — ^^riie space occupied by an object. 

Volumenometer. — ^An apparatus for measuring the volume of a solid body by deter- 
mining the quantity of fluid which it displaces. 

Volumetric Modulus of Elasticity. — See “Elasticity.” 

Vortex. — A whirlpool or eddy in a fluid. 

Voussoir. — A stone or block in the shape of a truncated wedge which forms part of an 
arch ring. 

V-Thread.— Bee “Thread.” 
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Vug. — A cavity in a casting. 

Vulcanize. — To treat with sulphur by mixing and heating. Applies to India-rubber. 

To treat wood by a certain patented cooking process which is now defunct. 
Vulcanized Fibre. — See “Fibre.” 


W 

Wagon Bridge.--Soc “Bndgc.” 

Wagon-way. — ^That portion of a floor set aside for wagon traffic. 

Wakefield Piling. — Same as “Sheet Piling.” See “Piling.” 

Wale, or Wale-piece, or Waling Strip. — ^A flat piece of timber laid horizontally for 
bracing upright timbers and for guiding them during driving, as in sheet piling. 
Walking Crane.-^ame as “Locomotive Crane.” Sec “Crane.” 

WaU. — A structure or slab of small thickness, built in a vertical or nearly vertical plane. 
Abutment Wall. — A wall in an abutment, or a vrall serving the purpose of an abutment. 
Breast Wall. — Same as “Retaining Wall,” q.v. 

Curtain Wall. — ^A thin wall. A partition wall that carries no superimposed load. 
Division Wall.— Same as “Curtain Wall,” q.v. 

External Wall. — ^The outside wall of a structure. 

Face Wall. — An cx|K)sod wall, a front wall. 

Foot Wall. — A low wall at the foot of an embankment. 

Head Wall. — The wall at the hejul or main part of an abutment. 

Masonry Wall. — Any wall made of masonr>\ 

Parapet Wall. — Same as “ Parapet,” q.v. 

Puddle Wall. — A wall of plastic clay tamped in between two rows of sheet piling to 
prevent seepage of watcT. 

Retaining Wali. — A wall built to sustain a lateral pressure, such as an earth thrust. 
Slope Wall. — A thin wall of concrete or of fiat stones laid upon the face of a sloping 
bank of earth to protect it from the erosive action of water. 

Spandrel Wall. — A form of retaining wall built on an arch barrel to retain the; spandrel 
filling. 

Tail Wall. — ^The wall in a T-abutment set at right angles to the head wall to support 
the same. 

Wing Wall. — One of the sick? walls of an abutment extending outward from the head 
wall in order to hold back the slope of an embankment. 

Wall Knot. — See “Knot.” 

Wall Knot Crown. — See “Knot.” 

Wallower. — Same as “Trundle,” q.v. 

Wall Plate.— See “Plate.” 

Wane. — ^A beveled edge of a board or plank as sawn from an unsquared log. 

Wane Tie.— See “Tie.” 

Warp . — ^A twist. To twist. 

Warren Girder. — Sec “Girder.” 

Warren Truss. — See “Truss.” 

Wash Borings. — See “Borings.” 

Washer. — A flat disc or plate, having a central hole, placed under the head or the 
nut at the end of a bolt, in order to distribute the pressure over the wood or other 
soft material. 

Beveled Washer. — ^A washer having one side beveled to compensate for the angle 
between the bolt and the timber through which the bolt passes. 

Check Washer. — A washer dewised to prevent a nut from turning. 

Cup Washer. — A washer having a cup for receiving the nut of a bolt. 

Friction Washer. — ^A thin ring of metal or other material inserted between two 
adjoining pieces, one or both of which rotate, in order to reduce the friction 
between them. 
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Washer. 

Lip Washer. — washer having a lip or projection that can be bent over after the 
nut is screwed on, thereby preventing the nut from working loose. 

Lock-nut Washer. — ^A ring-shaped washer cut on one side and having the ends sprung 
laterally. Used for preventing a nut from turning. 

O. G.» or Ogee Washer. — ^A disc-shaped washer having its edge generated by an 
ogee curve, which was a standard curve used in Greek architecture. 

Packing Washer. — ^A washer used between timbers to provide an open space between 
them when they arc drawn together and bolted. The object in using them is to 
permit of a circulation of air between the sticks. 

Plate Washer. — ^Any plate used as a washer. 

Slot Washer. — ^A check washer having a slot cut at one side of the hole so that when 
the nut is tightened a nail can be driven through the slot, thus preventing the 
nut from turning. 

Thickening Washer. — An additional washer used on a bolt to take up space. 

Wash Mill. — An apparatus for washing send, gravel, rock, etc. 

Washout. — ^^rhe destruction or displacement of a bridge, trestle, or embankment due 
to floods. 

Waste. — Cotton used for wiping grease from mac;hincry. Excess material from an 
excavation. To fail to utilize, in an embankment, material taken from a cut. 

Water. — colorless liquid chemically defined as HjO. The run-off from a drainage 
basin as carric'd by the rivers and streams. 

Extreme High Water. — ^The highest known water elevation of a stream or tide. 

High Water. — ^The condition of a stream when discharging a large amount of 
wat<T. 

Low Water. — The condition of a stream when discharging a small amount of water. 

Standard High Water. — ^An arbitrary high-water elevation either assumed or fixed 
by tb(i War Department or som<^ other authority. 

Standard Low Water. — An arbitrary low-water elevation cither assumed or fixed 
by the War Departmc'nt or some other authority. 

Water Cement. — Same as “Hydraulic Cement.” See “Cement.” 

Water Column. — The water which rises in a vertical tube when the lower end is im- 
mersed in a current. 

Water Crack. — ^A crack in steel due to the process of quenching it while red hot. 

Water Crane.— Sec “Crane.” 

Water Cylinder. — See “ Cylinder.” 

Water Gauge. — See “Gauge.” 

Water-hammer. — The shock resulting from the sudden stopping of the flow of water 
in a pipe. 

Water Hemp. — See “Hemp.” 

Water Hose. — Sec “Hose.” 

Water Jet. — See “Jet.” 

Water Joint. — See “Joint.” 

Water Level. — See “Level.” 

Water Line. — Sec “Line.” 

Water-mark. — A mark or stain left on a bank, tree, or other object by a stream receding 
from high water. 

Extreme High-water-mark. — A mark left by the highest known flood. 

High-water-mark. — ^A mark loft by any high water. 

Low-water-mark. — ^A mark left by any low water. 

Water Meter. — See “Meter.” 

Water Power. — See “ Power.” 

Water Pressure. — See “Pressure.” 

Water-proof Paint— See “Paint.” 
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Watershed. — ^The line of separation between contiguous drainage areas. The divide. 

The hoight-of-land. Often, but incorrectly, used for drainage-area. 

Water-table. — bolt course of masonry, moulding, or other projecting member with 
a sloping top, so placed as to throw off water from a wall. 

Watertight, —(closed up to such an extent as to prevent the passage of water. 
Waterway. — An opc^ning or passage for water. A channel or stream of water as a 
means of communication. Space available for navigation. 

Clear Waterway. — ^The horizontal distance over the water, measured perpendicularly 
to the centre lines of adjacent piers or fenders between the inner edges thereof. 
Wattle. — ^To apply wattling to a pile dyke. 

Wattling. — ^A screen used in river protection work, composed of long, slender poles, 
usually willow, passed horizontally and alternately behind and in front of a series 
of piles forming t.he dyke. 

Ways, or Launching Ways. — Supports or tracks set on a slope, down which a caisson 
slides at the time of launching. Used also for the apparatus by which cars arc 
unloaded on a hill-side. 

Weak Iron. — Sec “Iron.** 

Wearing Floor. — See “ Floor.** 

Weathering. — ^Th(? procj'ss of seasoning by exposure to the elements. 

Weather Joint.— Sec; “Joint.** 

Web. — ^The portion of a truss or girder between and connecting the flanges, its function 
being principally to resist shear. 

Open Web. — A web composed of a group of members instead of solid plates. 

Solid Web. — A web comi)oaed of one or more solid plates. 

Webbing . — ^The members or parts making up the w'cb. 

Web Members. — See “Members.** 

Web Plate.— See “Plate.** 

Compound Web Plate. — \ web composed of several thicknesses of plates. 

Web Splice.— See “Splice.** 

Web Stiffener.— See “Stiffener.** 

Web Stress.— See “Stn'ss.** 

Wedge.— A solid having two inclined faces. 

Guide Wedge. — A wedge-shaped apparatus used as a guide. 

Launching Wedges. — ^Wedges used in supporting a caisson on the launching ways. 

Striking Wedge. — One of the wedge^s insertc'd t<*mi)orarily to support centres or 
falsework and knocked out after the work is completed. 

Wedge-bearing Draw. — See “ Draw.** 

Weep-hole. — ^A hole in a wall for draining the water that tends to accumulate at the 
back. 

Weeping-pipe. — A pipe inserted in a wall or in any construction for the purpose of 
drawing off water that otherwise would accumulate. 

Weir. — A dam which discharges water over its top or crest. 

Weld. — ^To unit two pieces of metal by berating the ends until th(?y become soft and 
then hammering them together. The part of the piece thus united. 

Butt Weld, or Jump Weld. — A weld in which the pieces arc butted against each 
other and then joined by welding. 

Lap Weld, or Scarf Weld. — ^A weld in which the ends of the pieces are made to lap 
over each other and then joined by welding. 

Welded Head.-See “Head.** 

Welded Joint.— See “Joint.** 

Welding. — ^The act or process of making a weld. 

Welding Hammer. — See “ Hammer.*’ 

Weld Iron.-Sec “Iron.** 

Weld Steel.-^ “Steel.” 
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Well. — vertical opening or shaft in a crib or caisson. £or removing materials or for 
the passage of workmen. 

Welt. — Same as “Butt Joint/’ qJK 

Wet Blowout. Same as Wet Suction/’ q»v. 

Wet Dock.— See “Dock.” 

Wet Puddliiig.-«ee “Puddling.** 

Wet Rot.— See “Rot.” 

Wet Suction. — ^A process of dischiCrging material from the working chamber of a caisson 
by wetting it and placing it at the mouth of a discharge pipe through which it is 
blown by the pressure of the air. 

Weyrauch’s Formula. — ^A formula proposed by Weyratfeh to determine the allowable 
unit stress when the member is subjected to a reversal of stress. It is no longer 
used in good American bridge engineering practice. 

Wharf. — K structure* or a level place along the bank of a waterway, upon which vessels 
lying alongside con discharge their cargoes. 

Whatman*s Paper. — Sec “Paper.” 

Wheel. — A circular framework or a solid disc capable of revolving about its centre. 

Beveled Wheel. — A wheel having a sloping face. 

Brake Wheel. — ^A h(!avy wheel furnished with cams to control the action of a trip 
hamm(*r; the wheel of a hand-brake. 

Bull Wheel. — large, horizontal wheel connectcid to the foot of a derrick mast for 
the purposes of turning the derrick with ropes leading to thit hoisting engine. 

Caster Wheel.— A wheel having its axle held in a stock or frame that turns about 
an iixis perp(*ndicular to its own. 

Chain Wheel. — ^A wheel having projections or indentations on its face for the purpose 
of <*ngaging the links of a chain. 

Cog Wheel. — Same as “Gear,” q.v. 

Conical Wheel. — A whe(*l having a face conforming to the surface of a cone. 

Crown Wheel. — ^A wheel with tcH'th set perpendicular to the plane of rotation. 

Driving Wheel. — ^The main wheel which commimicates motion to another or 
others. 

Fly Wheel. — A heavy, revolving wheel for equalizing motion in machinery. 

Friction Wheel. — A form of slip-coupling applied in cases where the variation in load 
is very sudden and great, as in dredges. 

Gear Wheel. — See “ Gear.” 

Hand Wheel. — A small whec*! fittcKl to the hand for operating valves, etc. 

Idle Wheel. — ^A wheel which runs loosely on its shaft. 

Jockey Wheel. — ^A small wheel running against the rim of a grooved wheel to keep 
a rope, win*, or cable in the groove. 

Joggle Wheel. — ^A wheel which has a wabbling motion. 

Lantern Wheel. — ^A gear wheel composc*d of two parallc*! discs set some distance 
apart on an axle with round rods parallel to the axle, set at equal intervals around 
the periphery of the discs. These rods mesh with the teeth of another gear. 

Leading Wheels. — ^The wheels in a locomotive placed in front of the drivers. 

Pitch Wheel. — One of a pair of toothed wheels working together. 

Rag Wheel. — ^A “Sprocket Wheel,” q.v. 

Ratchet Wheel. — A toothed wheel forming part of a ratchet mechanism. See 
“Ratchet.” 

Spoke Wheel. — A wheel having spokes instead of a solid web. 

Spur Wheel. — Same as “Gear,” q.v. 

Toothed Wheel. — ^A wheel having teeth projecting from its face. 

Traveler. Wheel. — One of the wheels supporting a traveler on its track. 

Unbalanced Wheel. — (Statically) Any wheel in which the centre of rotation is not 
coincident with the centre of gravity. (Dynamically) Any wheel in which the 
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Wheel. 

centre of rotation is not coincident with the centre of gravity and the centrifugal 
force of the rotating system does not reduce to zero. 

Wheelbarrow. — small hand vehicle for transporting materials, consisting of a bed 
or box resting on two handles, supported by a wheel at one end and the opera- 
tor’s hands at the other. 

Wheel Base. — See “Base.” 

Wheel Carriage.— See “Carriage.” 

Wheel Chaln.-Bcc “Chain.” 

Wheel Concentration. — See “Concentration.” 

Wheel Flange. — See “ Flange.” 

Wheel Frame. — See “Frame.” 

Wheel Friction. — Same as “Rolling Friction.” See “Friction.” 

Wheel Guard. — Sec “Guard.” 

Wheel Load.-^ “Load.” 

Wheel Tread.— See “Tread.” 

Wheel Wrench.— See “Wnmeh.” 

Whin. — ^An early form of windlass for hoisting. 

Whetstone. — ^A stone for sharpening tools by rubbing. 

Whipple Truss.— Sec “Tnjss.” 

Whiskey Jack. — See “Jack.” 

White Icon.— Scci “Iron.” 

White Lead.-^ee “Load.” 

White Lime.-Bee “Lime.” 

White Metai.— See “Metal.” 

White Pine.-^Se(^ “Pine.” 

Wick Packing. — See “ Packing.” 

Wide Cross-cut Saw. — See “Saw.” 

Wild Steel.— See “Steel.” 

Williot Diagram. — A graphical method for determining the deflections of a framed 
structure. See Chapter XII. 

Winch. — Same as “Windlass,” q.v. 

Hand Winch. — ^A winch operated by hand power. 

Wind Bracing. — See “Bracing.” 

Winding Drum. — See “ Drum.” 

Windlass. — A winding machine consisting of an axle mounted in a frame, and turned 
by a crank, a wheel, or radial bars at the end, and which winds up a rope causing a 
load to be moved. 

Chinese Windiass, or Differential Windlass. — A windlass having an axle or barrel 
with different diameters, so that the rope winds up on the larger and unwinds 
from the smaller, the difference between the two motions resulting in a slow lifting 
of a heavy load. 

Spanish Windlass. — An extemporized purchase made by winding a rope around a 
roller and inserting a lever in a hitch or bight of the rope. By heaving round 
the lever a considerable torsional moment is produced. 

Windlass Jack.— See “Jack.” 

Wind Load.-See “Load.” 

Wind Pressure. — See “Pressure.” 

Wind Shake. — ^A crack or fissure in a piece of timber occurring during its growth. 

Wind Stress.— See “Stress.” 

Wind Truss.-Scc “Truss.” 

Windward. — ^The direction from which the wind comes. 

Windward Chord. — See “Chord.” 

Windward Truss. — See “Truss.” 
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Wins Abutment. — Sec “Abutment.” 

Wing Nut.-^ “Nut.” 

Wing WaU.— See “WaU.” 

Wiper. — Same as “Cam,” q.v. 

Wire Bridge. — Same as “Suspension Bridge.” Sec “Bridge.” 

Wire Cable.— See “Cable.” 

Wire Cloth. — Wire net having a small mesh. 

Wire Gauge. — See “Gauge.” 

Wire Iron. — See “Iron.” 

Wire Joint.— See “Joint.” 

Wire Nail.— Sec “Nail.” 

Wire Rope.-See “Rope.” 

Wohler’s Laws. — A series of laws based on Wohler’s experiments on the fatigue of 
metal. It is now conceded that they do not in any way apply to bridge design- 
ing, because they deal solely with metal stressed beyond the elastic limit and arc 
not applicable otherwise. 

Wood. — ^The hard, fibrous substance which composes the body of a tree. 

Cross-fibred Wood. — A wood in which the fibres run obliquely to the axis of the 
tree, reversing direction in different layers and thereby producing a crossed effect. 

Cross-grained Wood. — Same as “Cross-fibred Wood,” q.v. 

Curled Wood. — A. wood in which the fibres arc fine and run in folds or ridges, pro- 
ducing a curly effect in some places. 

Dry Rotten Wood. — Wood subject to dry rot. Sec “Rot.” 

Hard Wood. — term arbitrarily applied by the lumber trade to woods of the broad- 
leaved trees. 

Heart Wood. — ^'Fhe older and central part of a log, usually darker than the sapwood. 

Lance Wood. — A light, y(dlow-colorcd wood used in surveying rods. 

Sap Wood. — The outer and lighter colored portion of a timber containing sap. 

Soft Wood. — An arbitrary term for wood from coniferous trees. 

Wood-Boring Machine. — See “Boring Machine.” 

Wood Screw. — See “Scre^.” 

Work. — ^The overcoming of resistance through space as measured by the product of the 
force and the distance, in its own direction, over which it acts. Also used as a 
general term for any engineering construction or the operations connected with 
such construction. 

Field Work. — Surveying and kindred operations in the field. 

Herringbone Work. — Masonry work done according to the Herringbone system. 
See “Herringbone.” 

Iron Work. — Any construction using iron members. 

Job Work. — ^Work done by the job. 

Joggle Work. — Masonry construction in which the stones are intcmotchcd or keyed. 

Ladder Work. — Work that is done from a ladder. 

Leaf Work. — The ornamental work done on cast-iron which is sometimes used on 
portal bracing in bridges for appearance only; also scroll work on cast-iron colunms 
and lamp posts. 

Machine Work. — ^Thc shaping, fitting, and dressing of metal such as drilling, planing, 

. turning, milling, and grinding done by machinery. 

Mat Work. — ^A general term for extended mattress construction used in river pro- 
tection. 

Neat Work. — ^The work or part of construction inside of the “neat line,” q.v. 

Ornamental Work. — ^That portion of a structure which is added to the main portion 
in order to enhance its aesthetic qualities. 

Pile Work. — ^A gimeral term covering pile construction. 

Rock Work. — ^Rock excavation. Also used for “Masonry,” q.v. 
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Work. 

Rubble Work. — Samo as Rubble Masonry.” See ” Masonry.” 

Trestle Work. — A general term covering trestle construction. 

Working Chamber. — Sec “ Chamber.” 

Working Drawing. — See “Drawing.” 

Working Load. — Sec “Load.” 

Working Pit.— See “Pit.” 

Working Shaft. -See “Shaft.” 

Working Stress. — See “Stress.” 

Working Unit Stress. — See “Stress.” 

Workmaniike. — In the manner of a skilled workman. 

Workmanship. — ^The art or skill of a workman, or the quality of the execution of the 
work. 

Work of Friction, or Work Done in Overcoming Friction. — ^Thc work done by a force 
in moving against a frictional resistance. Loosedy tcTmed “Work of Friction.” 

Work of Resilience. — ^The vrork done by a deformed clastic body in recovering its 
normal condition. Theoix'tically, this is equal to the energy stored in the body 
during its deformation, providing that the clastic limit of the material has not 
been passed. 

Worm.— A helix or helical gear on a shaft which meshes into the worm gear. 

Worm Gear. — See “Gear.” 

Worm Rack. — Sec “ Hack.” 

Worm Shaft.— Sec “Shaft.” 

Worm Wheel.— Same as “Worm Gear.” See “Gear.” 

Worm Work Dressing. — Sec “Dressing." 

Wrench. — ^A tool for turning nuts, bolts, and pipes, consisting of a bar or handle having 
jaws to fit the nut, bolt, or pipe. 

Alligator Wrench. — A wrench with fixed spreading jaws, having an inside* roughened 
surface, suggestive* of the opem mouth of an alligator. 

Claw Wrench. — A wrench with a claw end. 

Combination Wrench. — A wrench having jaws to fit both nuts and pipe's. 

Diagonal Wrench. — ^A wrench in which the axis of the jaws is set obliquely to fhc 
handle. 

Double Wrench. — A wrench having a set of jaws at each end. 

Forked Wrench. — A wre*nch having a pair of jaws at one end of a bar, while the ollu*r 
end tapers to a point. 

Key Wrench. — ^A socket wrench having a cross handle; also a wrench having one 
sliding jaw held in place by a key. 

Monkey Wrench. — A wrench having an adjustable jaw moved by a screw. 

Open-end Wrench. — Same as “ Forked Wn*nch,” q.v. 

Pipe Wrench. — A wrench having its jaws shapi*d and adapted for holding a pipe. 

Ratchet Wrench. — A wrench provided with a handle engaging a ratchet. 

Socket Wrench. — A wrench having a handle and shank with a recess in the latt(‘r 
to fit the nut. 

S-Wrench. — A wrench having a bent handle like the letter S. 

Tap Wrench. — A cross-handlc»d wrench used for turning a tap. 

Track Wrench. — A long-handled, forked wrench, used by trackmen for tightening 
nuts on rail joints. 

Wheel Wrench. — ^A wrench having a wheel-shaped handle. 

Wrench Hammer. — Secj “ Hammer.” 

Wring Fit. — A fit between two parts which are so accurately matched that they have 
to be put together with a twisting motion. 

Wrought Iron.— Sec "Iron.” 

Wrought Iron Pipe.— Sec “Pipe.” 
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Wrought Nail. — Sec “Nail.” 

Wye. — support for the telescope in the engineers’ level, having the form of the letter 
Y. A railroad siding in the form of the letter Y; used for turning locomotives 
and trains. 


X 

X-Bracing.— See “Bracing.” 

Y 

Y. — ^An arrangement of railroad tracks, resembling the letter Y, which is used for 
turning trains around. Sometime^s spelled “Wye.” 

Yardage. — ^Thc contents or amount of material expressed in cubic yards. 

Yellow Ochre. — See “Ochre.” 

Yield Point. — ^That point, or intensity of stress, at which the rate of stretch begins to 
increase rapidly. 

Y-Level.— Sec “Uwel.” 

Yoke Riveter. — See “Riveter.” 

Young’s Modulus. — Same as the “Modulus of Elasticity.” See “Elasticity.” 

Z 

Z-Bar.— See “Bar.” 

Z-Bar Iron. — See “Iron.” 

Z-Column. — See “Column.” 

Zigzag Riveting. — Same as “Staggered Riveting.” St»(? “Riveting.” 

Zinc White. — ^An oxide of zinc, in the form of a white powder, which is used as a base 
for paint. 




INDEX 


light figures refer to Volume I, bold-faced figures to ydume 11 


A 

“A” truss (Waddeirs), 477, 478 
Aberthaw Construction Companyi 947 
Abrams, Duff A., 795 
Abrasion of concrete, 1024 
Abutment piers, 942 
Abutments, 1030 

arch, quantities in, 1337-1341 
bases, pressures on, 1030, 1031 
designing of, 1031 
materials for, 1031 
piles for, 1042 
position of, 1856 

proportioning of, for artistic effect, 1179 
quantities for, 1300, 1312 
skew bridges, 354 
t 3 rpes of, 1030 

wing, volumes of, 1314-1317 
Accessibility to paint brush, 277 
Accidents, responsibility for, 1765 
Accompanying drawings, 1758 
Accretions, 1061 
Accuracy of calculations, 1377 
Acid open-hearth steel, 46 
Adda River arch at Trezzo, Italy, 11 
Adherence to specifications in bidding, 
1869 

Adjustable rods, 388 

Adjustment of shoes on masoniy, 459, 460 
Adjustment of track for curvature, 138 
Administration of construction, 1582 
Administration work, 1588 
Advantages and disadvantages^ 
bascule bridges, 701 
concrete caissons, 1004, 1005 
concrete piers, 1023 
pneumatic process, 998 
Advice to contractor, 1470, 1471 
Aerial ferries, 670, 671 
^Esthetics, 16, 1150-1181 
foundation of, 1150 
hindrances to, 1170 
layout, effect on, 1218 
layouts for determination of, 1178 
reinforced-concrete bridges, 943 
Agents, 1582 

Ahwillgate Indian Bridge, B. C., 4, 6 
Air gun, '769 


Airlocks, 999, 1005 
Moran 1006 

Akano River (Japan) Bridges, 574 
Aligning of handrails, 384 
Alignment, 1212, 1785 
Allowable pressures, 

deep foundations, 965, 96G 
shallow foundations, 966 
Allowance for possible error of final position, 
987 

Alloy steels, 28, 57-93 
economics of, 79, 80 
maximum strength of, 58 
rivets, 84 

weights of bridges of, 1284, 1288 
Alteration in contracts, 1885 
Alteration of plans, 1762 
Alternating-current electric motors, 1793, 
1794 

Alternating stresses, 255 
Aluminum Company of America, 90 
Aluminum in steel, 86 
Aluminum steel, 82 
Ambiguity in stiffening trusses, 659 
American and European practice compared, 
1181 

American bridge designing, evolution of, 29 
American bridge engineering, development 
of, 19 

American Railway Engineering Association, 30 
conclusions concerning waterways, 1110, 
1111 

system of bridge inspection, 1514, 1515 
tests on impact, 123 

American Society for Testing Materials, 31 
American Society of Civil Engineers, 31 ■ 

American Society of Municipal Improve- 
ments, 1742 

American standard I-beam sections, 460 
American Steel and Wire Company, 77 
American Vanadium Company, of Pittsburgh^ 
82 

Amusement casino for Havana Harbor 
Bridge, 1077 

Analysis of stresses, origin of, 15 
Analytic method of stress computation, 158, 
159 

computing stresses in trusses with 
polygonal chords, 159 
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Anchor arms, economic length of, 1199 
Anchor bolts, 453, 454, 457, 544, 1053, 

1668, 1786 

stresses from eccentric loads, 304-309 
Anchor, mushroom, 1062 
Anchor span, economic length of, 1800 
Anchorages, 275, 1646 
cantilever bridges, 579 
columns, 278, 1643, 1644 
pedestals, 1030 

swing spans, 154, 693, 1076, 1693 
trestle towers, 210 
Anchoring mattresses, 1062 
Ancient bridges, materials for, 13 
Anglo measurements in triangulation, 1466, 
1460, 1461 

corrections in triangulation work, 1461 
Angles, 47 

areas, net and gross, 424, 425 
centres of Cavity, positions of, 424 
gauges of, 333 
lacing, 286 
overrun of, 430 
Annealing, 1781 
castings, 338 

Annual installment required to produce ono 
dollar, 1686 

Annual rainfall and record run-offs of the 
United States, 1116 
Anti-creeping devices for rails, 357 
Ai>oll(xlorus, 12 

Application of stresses, frequency of, 275 
Appniachcs, 535 
artistic, 1178 
curved, 1091 
curves on, 1818 
economics of, 1193 
tini})er trestle, 1866 

Approximate quantities of materials, 1871- 
1874 

Approval of bridge jilans by War Department 
obstacles to, 1141 
rules for, 1140 

Arbitration, 1666, 1687, 1688, 1886 

bond guaranteeing to abide by decision 

of, 1689 

examples of, 1688, 1689 
Arches, 

ffisthetics of, 617 
abutments and piers, 

calculation of stresses in, 911 
quantities in, 1337-1347 
steel in, 1344 
advantages of, 618 
Babylonian, 9 
barrels, quantities in, 1333 
braced-rib type, 620, 636 
bracing of, 635 
camber of, 752, 760 
cantilever, 632, 633, 636 


Arches^ 

cantilevering of, 818, 819 
centering, 1608 

central hinge for dead load only, 619 
centre-line, determination of, 863 
centres, forms, staging, runways, and 
falsework, 1769 
Chinese, 9 

clay centres for, 1637 

combination of stresses in, 635 

comparison of various types of, 619 

concreting of, 952 

corbelled, 7 

crescent-shaped, 619 

crown hinge for, 646 

culverts, 1864 

data for, 642, 643, 644 

dead loads for, 96 

defects in, 1164 

deflections of, 842 

detailing of, 644, 645 

economics of, 1191 

economy of tyi)cs of, 636 

elastic, 11, 15 

elliptical, 11 

eciuivalcnt uniform live loads for, 834 

erection of, 618 

fized-ciidcd, stresses in, 862 

foundations for, 618 

framing of, 620 

gothic, 11 

Great Wall of China, 9 
Harlem River, 643 
highway bridges, 642 
hingclcss, 620, 621, 636 
hinges for, 19 
hyiMjrbolic curves for, 631 
inclined to vertical, 634 
lenticular, 620 
masonry, 536 

longest span, 19 
theory of, 15, 617 
merits of different kinds of, 635 
metal, origin of, 27 
minimum spacing of, 6>33 
moments of inertia of, 841 
one-hinged, 624, 636 
o|)cn-spandrel, 940 
origin of, 7 
piers and abutments, 

calculation of stresses in, 911 
designing of, 940 
quantities in, 1337-1347 
steel in, 1344 
quantities in, 1389-1334 
railroad bridges, 642 
reinforced concrete, 862-910, 940-944 
calculation of stresses in, 862-910 
approximate methods, 868-880 
exact methods, 880-910 
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Arches, 

reinforced concrete; 

centre-line, determination of, 863 
designing and detailing of, 940-044 
piers and abutments of, 

calculation of.Btresses in, 911-918 
designing and detailing of, 044 
thickness of, equation of, 867 
quantities in, 1330-1347 
segmental, 11 
semi-circular, 10 
sewers, Roman, 10 
shortening, 864, 871, 881, 882 
effects of, 956 

position of point of controflexure for, 
870 

solid-rib type of, 620, 636 
solid-spandrel, 940 
spandrel-braced, 620 
teinporaturc stresses in, 212, 872, 883 
threc-hingod, 626, 627, 630 
tiinljcr, 617 

timljcr, over the Danube River, 10 

train sheds, 618 

trussing of wel3s in, 620 

two-hinged, 026, 636 

weights of metal iii, formulas for, 638 

widths of, 637 

wind stresses in, 634 

Architectural arrangement in engineering 
work, 1163 
Architectural effect, 270 

Aiuerican bridge practice, 1164 
Area moment law, 233 
Areas, 

angles, net and gross, 424, 425 
I'over plates, 426 
plate-girder flanges, 429 
waterways, determination of data for, 1109 
Arkansas River Bridge at Fort Smith, 728 
Army Engineers’ hearings, 1142 
Arnodin, F., 671 

Arroyo Seco Bridge at Pasadena, Cal., 941, 
1164 

“Artistic Design of Bridges’’ by Tyrrell, 

1179, 1181 

Asbestos, 51 

Ashtabula bridge disaster, 24, 1641 
Asphalt, 51, 352 
cement, 1812 

filler for brick paving, 1836 
pavement, 370, 1809 
repairing, 1817 
weight of, 95 
specifications, 1809 
testing, 1809 

Asphaltic mastio, 351, 352 
Asscmblinls and reaming, 1423, 1434 
Assigning or subletting of contract, 1666, 1882 
Assigns, 1663 


Association of Inspectors, 1414, 1437 
Assos Bridge, 6 

Assuming responsibilities, 1616 
Atchafalaya River borings, 1098 
Atchafalaya River swing span, erection of, 
993, 1072 

“A” truss, 477, 478 

Attachments for wire ropes, 312, 1719, 1789 
Attendance, regularity of, by employees, 1608 
Auger borings, 1093 

Austerlita Bridge (Paris), 627, 628, 1071 
Austin, Texas, bridge, 1164 
Award of contract, 1881 
Axes, gravity, intersection of, 273 

B 

Babbitt metal, 50, 1779 
bearings, 337 

Babylon Bridge over the Euphrates, 5, 9 
Babylonian arches, 9 
Back-checking, 1396 
Back-filling, 1864 
Backstays, 658 

Bags filled with clay and sand for foundations, 
973 

Bags for cr>ffcrdams, 975 
Balanced loads on rim-bearing swing spans, 
reactions for, 60U 
Baldwin, A. S., 1063 

Ballasted floors, 347, 318, 349. 350, 775, 1634 
comparison with open deck, 347 
effect on impact of, 125 
Ball signal, 1801 
Baltimore truss, 24, 468, 469 
Banding of arch ribs, 944 
Bankers, 

dealing with, 1696, 1697 
introductions to, 1696 
rejection of project by, 1697 
Banks, 

caving of, 1059 
erosion, 1059 
grading, 1059 
high, 1090 
protection, 1866 
sliding of, 1074 
Barges, 

borings, 1Q97 
erection, 1849 
erection on, 1076 
renewal of spans, 1610 
Bar lacing, weight of, 287 
Barnett, l^bert C., 1169, 1893 
Bars, 

areas of, 799 
corrugated, 48 
deformed, origin of, 28 
reinforcing, 48, 1779 
twisted, 48 
weights of, 799 
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Bascule bridges, 663, 664, 700 
advantages of, 701 
camber for, 753 
classification of, 701 
comparison of typos, 713 
comparison with vertical lifts and swings, 
1208 

details of design, 1697 
floors for, 366 
history of, 700 
locations of American, 716 
power for, 1701 
typer, of, 713 

Brown, 706, 707, 714 
Chicago-City-typc, 708, 709, 715 
Cowing, 712 

Montgomery Waddell, 711, 712, 

715 

Page, 708, 714 
Rail, 702, 703, 704, 714 
rolleMxiaring type, 701 
rolling lift type, 701 
Scherser, 701, 702, 703, 714 
Strauss heel-trunnion, 706 
Strauss trunnion, 704, 705, 714, 715 
trunnion typo, 701 

Waddell A Harrington, 709, 710, 
711 

wind loads for, 155 
Base castings for pedestals, 456 
Base lines, 

lengths of, 1460 

measurements, 1456 , 1467, 1468 
Base-plates, stresses from eccentric loads, 
304-309 

Bases, 

abutments, pressures on, 1030, 1031 
counterforted retaining walls, loads on, 
1039 

pavements, 368, 369 
pedestals, le86 
piers, enlarging of, 971 
piers, -piles in, 1050 
piers, pressures upon, 964 
plate-girder spans. See Shoes, 
retaining wall, design of, 1036, 1038 
Basins for floors, 373 
Basket-woven mattresses, 1060 
Bates, Onward, 1067 
Batten plates, 285, 505 
for truss members, 1678 
Batter, 

columns, 1684 
pedestals, 1028 
pier shafts, 1051 
sides of caissons, 987 
aides of masonry piers, 1021 
tower columns, 540 
Batter braces, bending on, 1660 
Battered piles, 1011 


Bauschinger, 18 

Beam bridges, protot3rpe8 of, 3 

Beams, 

captilevcr, 436, 1672 
deflections of, 228, 842 
depth of, 836 

continuous, deflection of, 230 
milling of, 1783 
timber, figuring of, 302 
varsring depth of, 836 
Bearing, 

areas, effective, 1608 
masonry, 1607 
piles, 1008 

pins, intensities for, 264, 323' 
rivets, intensities for, 264, 325 
stresses, 255 

Bearing-blocks for swing-span drums, 1694 
Bearings, 1728 

connections for tower sheaves, 1789 
plate-girder spans. See Shoes, 
tower sheaves, 1722 
Beauty, 1163 , 1104 
Beauty of design, 1101 
Beaver Cantilever Bridge, 357, 482, 533, 
596, 614, 1179 

Bed-rock, 

drilling into, 1103 
leveling of, 1022 
sinking piers into, 1026 
Beds of rivers, seouring of, 1120 
Bells, signal, 1802 
Bench marks, 1467 
for borings, 1107 

Bending moment, criterion for, 164 
Bending stresses, 203 
chords of trusses, 1660 
end posts, inclined, 1660 
floor-beams, due to defler^tion, 206 
pins, intensities for, 264, 324, 1668 
plates, 331 
transverse loads, 205 
wciglfit of member, 205, 252, 1660 
wire ropes, 311, 1712 
Bending tests for steel, 1774 
Bends in reinforcement, 96:i 
Bends in rivers, remoteness from, 1090 
Benedictine Monks, 11 
Bents, solitary, 211 
Bernoulli, 14 

Bessemer process, origin of, 17 
Bessemer steel, 46 

Bethlehem special I-beam sections, 460 
Bethlehem Steel Company, 1202 
Beveled cuts, 328 
Beveled sole plates, 1067 
Bidders* plant and evidence of experience, 
1878 

Bidding, adherence to specifications in, 

1869 
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Bidding plans, submission of, 1619 
Bids, 

competitive, 40 
integrity of, 1881 
lump-sum, 29, 40 
rejection of, 1881 

Binder for asphalt pavement, 1813 
Binder stone for asphalt pavement, 1811 
Bitulithio pavement, 370, 1813 
Bitumen, determination of, for asphalt, 

1819, 1811 

Black River Bridge on the Louisiana & 
Arkansas Railway, 737, 739 
Blacksmith work, 1101 
Blackwell’s Island Bridge, 58, 586, 588, 594 
Bland, J. C., 1617 

Blasting foundations for caissons, 983 
Block (creosoted) pavement, 1806 
Blowing caisson, 1001 
Blowing out materials from caissons, 1000 
Blowpipe, 999, 1000 
Blue-print records, 1403, 1404 
Blue-prints, order-form for, 1401, 1403 
Blue River Bridge at Kansas City, 986 
Boat indicator, 1735 
Bo1>tailed swing spans, 664 
Boca del Rio Bridge, Mexico, 770, 986 
Bold-faced type, use of in the specifications, 
1741 

Boiler, Hodge & Baird, 370, 391, 481, 493, 
598 

Boiler’s formula for |xjwcr for swing spans, 
689 

Bollman truss, 468, 472 
Bollman, Wendell, 23 
Bolsters, 334 
Bolts, 1050 

anchor, 457, 544, 1053, 1608, 1786 
fox, 457, 1786 
tap, 1731 

turned, 337, 1731, 1786 
Bond, 1666, 1877, 1886 

Bonded indebtedness, amount of, 1698 

Bonding of rails, 356, 1842 

Bonds as compensation for engineering work, 

1607 

guaranteeing of, 1699 
price of, 1698 

Bonn (Germany) Bridge, 626 
Bonus, 1876 
Borings, 1093 
auger for, 1093 
barges for, 1097 
bedrock, 1103 
bench marks for, 1107 
boulders, 1103 
clay, 1103 

clay puddle for, 1098 
cost of making, 1099 
derrick for, 1097 


Borings,' 

drive head for, 1098 
aquipment for, 1094 
gasoline engine for, 1106 
instructions to parties, 1100 
liability insurance for parties, 1106 
location of, 1101, 1106 
making of, 1093 
necessity for, 1088 
number of, 1094, 1101 
outfit for, 1095 
disposal of, 1107 
pasd’ig cost of, 1604 
pipe, measurements of, 1103 
power, 1106 
reliability of, 1099 
reports, 1107 
sand bars, 1106 
scaffolding for, 1104 
scows for, 1097, 1104 
skiff for, 1105 

tools, shipping back of, 1106 
wash, 1093 
watchman for, 1105 
Bosses, 337 

Boston & Providence Railroad Bridge 
faUure, 1641, 1648 
Bottom-chord 

I with web plate, 495 
joint, designing of, 527, 529 
lap-splice (tension), 512-517 
sections. See Truss members. 

Bottom lateral systems, 398, 4U4 
Bottom velocity, 1180 
Boulders, 994 

encountering in borings, 1103 
sinking caissons through, 992 
Bouscaren, Louis F. G., 25, 29 
Box compression chords, 285 
Box sections, 498 
Boxed spaces, 278 
Braced-rib arches, 636 
Braced steel piers and towers, 1026 
Bracing, 30 

cantilever brackets, 382 
cribs and caissons, 1049 
cylinder piers, 1026, 1055, 1056 
ix)rtals, 293 
stringer, 294 
towers in trestles, 539 
Bracing frames, 394 

multiple track structures, 277 
Brackets, 1673 

cantilever, temporary omission of, 1073 
connections, 376, 378 
comer, 340 
drum, 1693 

floor-beams, 378, 379, 380 
stringer, 376 

temporary omission of 1804 
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Braked - train thrust, detailing for, 283. 
284 

Brakes. 

electric, 1706 
hand, 1704 
solenoid, 1703, 1797 
Breaking of floors, 374 
Breaking of track, 357 
Breithaupt, W. H., 662 
Bribing, 1623 
Brick, 54 

paving, 370, 1826-1836 
grout filler for, 1833 
maintenance of, 1836 
rolling of, 1832 
weight of, 95 
piers, 1022, 1861 
testing, 1826-1831 
Bridges, 

approaches, 534, 535 
bascule, 700 
bUl, 1138 

building, future of, 35 
cantilever, American, origin of, 25 
cantilever, longest spans of, 25 
cast-iron, 16 

construction, oidinaiy materials of, 
45 

designing, American, evolution of, 29 
designing by manufacturers, 37 
definition of, 534 
engineer, 

consulting, 39 

duty of, to his contractors, 1630 
expert, 39 

responsibility of, 1611 
value of services of, 37 
engineering, 

American, dcvelopnient of, 19 
business features of, 1606 
corps for railway, 41 
dawn of, 1 
ethics of, 1619 
evolution of, 1-35 
fees, 1601 
specialty of, 36 
status of, 1602 
erection, designing for, 334 
examination, 1614 

examination, charges for, 1619, 1620 
faUures, 37, 1639-1647, 1626, 1627 
causes of, 1640 
lessons of, 1639 
tabulation of, 1639, 1640 
gates, 677, 678 

high and low, comparison of, 6G3 
inspection, 1614 
frequency of, 1614 
instructions for, 1620, 1621 
proper, 1616, 1616 


Bridges, 

iron railroad, origin of, 16 
lattice, 17 
locating of, 1088 

long-span American, origin of, 24 
low and high, comparison of, 663 
machinery, 336 
materials, development of, 16 
pin-connected, origin of, 23 
projects, classifications of, 1692 
projects, promotion of, 1691 
reinforced-concreto, 783 
repairing. 1619 
specialist, 36 
ideal, 43 

interference with, 42 
specifications, printed, first, 29 
steel, life of, 37 
origin of, 17, 27 
suspension, 647 
tubular, 17, 23 
wooden, 772 

Bridging navigable Waters, requirements of 
the United States Government 

for, 1137 

Brine drippings, 348, 428 
Brittle zone in nickel steel, 61 
Broken stone or gravel 
specifications for, 1861 
testing, 1470, 
weight of, 96 
Bronze, 50 ^ 

bushings, 337, 1777 
Brooklyn Bridge, 27, 659 
Brooming of piles, 1018 
Brothers of the Bridge, 11 
Brown bascule, 706, 707, 714 
Brown, Thomas 369, 716, 726 
Brush, 53 
Bruyfere, 11 
Bryan, C. W., 89 

Buchanan Junction Bridge failure, 1646 

Buck, L. L., 27 

Buck, R. S., 633 

Bucket dredges, 902 

Buckled plates, 47 

floors, 370, 372, 1204 
Buda Pcsth Bridge, 659 
designs, 1178 
Buel, A. W., 596 
Buffers, 1724 

Building up of caissons, 1001 
Built channels, 495 
Built members, 1784 
Built shoes, 533 

Bulkley River Bridge, B. C., 3, 4, 5 
Bullock Pen Viaduct, 27 
Buried piers, 535, 1031, 1214 
Burkli-Ziogler*s formula, 1116 
Burlap, 351, 352, 369 
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Butt, Prof. William H., 617, 650, 654, 658 
Burr, Theodore, 15, 19 
Burr truss, 19 

Burrard Inlet Bridge at Vancouver, B. C.» 
343 

Bushings, 1789 
bronze, 337, 1777 

Business features of bridge engincermg, 1606 
Butt-splices, 508, 511 


Cables, 

cradling of, 21 
electric, 1795 
lift span, 1718, 1719 
operating, 1726 
rise, economic, 656 
steel, weights of. 96 
supply, for swing spans, 1706 
wire. See Tables for Designing. 
Csesaris bridge over the Rhine, 6 
Cain. Prof. Wm., 617, 792 
Caissons, 

battered sides for, 987 
blasting foundations for, 983 
blowing of, 1001 

blowing out materials from, 1000 
bracing for, 1049 
building up of, 1001 
cross-sections of, 986 
docks for, 994 
dynamiting of. 993 
ejecting material from, 999 
faces of wells for. 987 
false bottoms for, 994 
filling of, 995 
flaring sides of, 1001 
hanging of, 996 
holding in position of, 994 
inspection of. 1449 
jetting pipes for. 990 
keeping in correct position. 1001 
launching of, 999 
logs in, 995 
materials of, 983, 984 
metal, 986, 987 
open-dredging, 1868 
origin of, 12 
pneumatic, 1867 
details of, 1007 
founding of, 971 
pockets in, 989 
pumping out of, 995 
reinforced concrete, 986 
righting of, 997 
side friction on, 996 
sinking of, 990, 999 
sinking of, through boulders, 992 
steel, 990 

suspending of, 994, 1000 


Caissons,' 

timber, framing of, 989 
timbers for, 998, 1048 
tipping of, 996, 997 
wooden, designing of, 1004 
Calculations. See also Designing, 
accuracy of, 1377 

approximate method for arches, 868 
data for, 1373 
files, 1408 I 
filing of, 1386 

making and checking of, 1371, 1373, 1378, 
1389 

plate-girder spans. See Designing of 
I Plate-Girder Spans 

idieet, fonn of, 1374, 1376 
time-record for, 1407 

Calumet River Vertical Lift Bridge for the 
Lake Shore & Michigan Southern 
Ry. Co., at South Chicago, 111., 
734, 736. 737 

Caml)cr. 751-764, 1644, 1784 

approximate method, 756, 757, 758 
arch spans, 752 
bascule bridges, 753 
cantilever bridges, 752, 759, 760 
curve, form of, 759 
dapping ties for, 359, 751, 752 
half-dapping, 752 
dimensioning for, 751-764 
Petit trusses, 758 
pin-connected trusses, 755, 756 
plate girders, 329, 332, 753, 754 
reason for, 751 

rcinforced-concrete bridges, 753 

riveted trusses, 755 

semi-cantilevers, 759 

simple tniss spans, 754-759 

steel arches, 760 

suspension bridges, 752, 761 

swing spans, 753, 761, 1698 

towers of vertical lift spans, 762, 763, 764 

trusses, 333 

vertical lift bridges, 753, 761 
Cambridge Arch Bridge, New Zealand, 630, 
638 

Camel-back truss, 468, 477, 478 
Campbell, C. E. H., 1016 
Canfield, August, 22 
Canso Bridge design, 1160 
Cantilever arch, 632, 633, 636 
Cantilever beams, 379, 380, 436 
bracing bottom flange, 382 
connections, 378, 382 
designing of, 922 
flanges, design of, 380-382 
milling, 382 
strap plates, 379, 380 
temporary omission of, 1073, 1804 
thrust 380 
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Cantilever bridges, 568-^16 
American, origin of, 25 
anchor arms, attachment of, 614 
anchorage details for, 579 
artistic effect in, 573 
camber for, 752, 759, 760 
Canso, Strait of, design of proposed 
bridge for, 593 
Chinese, 7 

combination of stresses in, 572 
comparative rigidity of, 569 
conditions suitable for, 568 
connections for suspended span of, 611, 
612 

curvature of chords for, 589 
detailing of, 610, 611 
determination of equivalent live loads 
for. 572 

economic comparison with suspension 
bridges. 1806, 1807 
economic lengths, 
anchor arm, 1199 
anchor span, 1800 
suspended span, 581, 1198 
economics of, 569, 570, 580, 581, 585, 591, 
1198 

comparison with simple trusses, 1800 
erection stresses in, 573 
final connections of, 580 
heights of posts for, 589 
Hindoo, 7 

idle members in, omission of, 577, 579 
impact for, 572 
increasing widths of, 573 
intermediate trusses for, 590 
layouts for, 585 

legitimate economies in, 589, 590 
longest spans of, 25 
Mayarf steel for, 71 
minimum widths for, 570 
Nippon Railway of Japan, 574, 576 
North River, proposed, 592 
origin of, 6 

piers or pedestals for, 590 
rollers for main bearings of, 614 
Strait of Canso, proposed, 593 
stresses in, 570, 571, 572 
suitable conditions for, 568 
suspenders in, 577 
truss depths for, 589 
Type A, 587, 1871-1873, 1876 
Type B. 588, 589, 1871, 1877-1879 
Type C, 588, 1871, 1880-1888 
economics of, 592 
Type D. 589, 1871, 1883-1886 
Wandipore, Tibet, 7 

weights of metal in. 581-587, 1871-1886 
anchor spans of, 584 
anchorages of, 584 
piers in, 584 


Cantilever draw spans, 665, 666 
Cantilevering during erection, 31, 574, 575, 
577, 1603, 1604 
from rocky bluff, 575, 577 
Cantilevering of floors, 483 
Cantilever plate-girders, 418, 444, 1678 
Cantilever retaining walls, 1037 
Cantilevers for train-sheds, 569 
Cantilevers for work-shop trusses, 569 
Capital stock, amount of, 1698 
Capitol Avenue Bridge in Indianapolis, 
1169 

Car, 

overhang of, 148 
tilting of, 148 

Caravan Bridge over the River Meles, 5 
Carbon content in steel, 46 
Carbon steel, 45 

requirements for, 1770 
Carbon-vanadium steel, 84 
Care of finished concrete, 952 
Carpenter, Mr., 61 
Carrying capacities of soils, 964 
Carrying of water-pipes, 1076, 1843 
Carrying trains, falsework for, 1849 
Carroll, Howard, 23 
C?artage, 1766 
Cartlidge. C. H., 666. 667 
Casing pipe, 1097 

Casino for Havana Harbor Bridge, 1077 
Cast bases for columns, 340 
Cast iron, 49, 337 
barring out of, 340 
bridges, 16 
Cast piles, 1012 
Cast shoes, 533 
plate-girders, 454 
Cast steel, 48, 337 
Castings, 334 

annealing of, 338 
iron, 1777 
steel, 1777 
Catalogue file, 1411 
Catch-basins, 1836 

Catching washed-out material of borings, 
1108 

Cattle, weight of, 117 
Caulking, 988, 1050 
Caving of banks, 1059 
Cedar, Pacific Coast, 52 
Cellular fascines, 1061 
Cement, 

American, 55 
■ asphalt, 1818 
foreign, 55 

inspection, 1449, 1468 
natural, 17, 28, 55 
necessity for testing, 50 
Portland, 17, 28 
reports, 1487 
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Cement,' 

Roman, 55 
Rosendale, 55 

specifications for, 1849, 1860, 1861 
testing at manufactory, 1470 
Centering castings, 1723 
Centering for arches, 1608 
Centre-bearing swing-spans, 1696 
centre wedges for, 1717 
distribution of load on, 687 
pivot, tracks, rack, and rollers, 1716 
reactions for, 691 
supporting of, 696 

Centre-castings for rim-bearing swing-spans, 

1716 

Centre Ijne of arch-rib, determination 
of, 863 
Centres, arch, 1769 
Centres of gravity, 
angles, 424 

plate-girder flanges, 427 
Centrifugal force, 132, 133, 135 
loads, 956, 1664 
point of application of, 136 
Centrifugal pumps, 979 
Cernavoda (lloumania) Bridge, 600 
Chalfant, A. G., 596 
Changes, 1762 

cost of and reastins for, 1081 
contracts, 1886 
grade on structure, 356 
grades, 374, 1748 
plans, 1664 

tcini:}eraiure, elTccis of, 1664 

reinforced-concrete bridges, 957 
tracings, 1386 
Channels, 47 
built, 495 
rolled, 493-495 
turned-in flanges of, 339 
Channels of streams, 
curvature, 1058 
obstruction due to piers, 1121 
shifting, as affecting layout, 1216 
straightness, narrowness, and permanency 
of, 1090 

Charges for inspecting bridges, 1619, 
1620 

schedules of, 1602, 1603, 1604 
Charleston, W. Va., Bridge failure, 1646 
Charts of progress, 1486 
Check, deposit, 1881 
Checkered plates, 374 
Checker’s duties, 1392 
Chocking, 

calculations, 1371, 1378 
drawings, 1382, 1383, 1384, 1396 
ostimates, 1361 
finished design, 280 
materials, 1477 


Checking, 

shop drawings, 1386, 1396, 1398, 1402, 
1411 

triangulation work, 1462 
Checking-prints, 1396 
filing of, 1410 

Chester, Mass., Bridge failure, 1643 

Chezy formula, 1121 

C. B. &. Q. Ry. formula, 1116 

Chicago-City-typo bascule, 708, 709, 715 

Chico cantilever in Mexico, 1068 

Chief designer’s duties, 1389 

Chief draftsman’s duties, 1391, 1393 

Chinese arches, 9 

Choice of type for piers, 969 

Chords, 

bottom, sections of, 495, 497 
curvature of track, effect of, 145 
curved top, 479, 480 
deformation of, 208 
heating of, 212 
packing, 1682 
pins, ec(;entric‘ity of, 340 
polygonal, 479, 480 

secUons, 333, 492, 493, 501, 530, 1676, 
1681 

splices, location of, 510 
top chords, 498-500 
trusses, 333, 501, 530, 1676, 1681 
Chrome-nickel steel, 58 
Chn>mc-siccl, 27, 58 
Chrome-vanadium steel for rivets, 84 
Chromium in steel, 84 
Cincinnati-NTcwport Bridge, 605, 006 
Cinders, 54 

Cisco arch caiitilcvcring, 1604, 1606, 

1606 

City Waterway Bridge, Tacoma, 734, 735, 

1076 

Clam shell dredges, 992 
Clarke, Reeves & Co., 29 
Clarke, T. C., 27, 662 
("lasses of floor systems, 346 
Classes of traffic and provision therefor, 
341 

Classification, 

bridges in general, 1632 
highway bridges, 1632 
reinforced-concrete bridges, 953 
Clause index of ("hap'tcr BXXVIll, 1736 
Clause index of Chapter LXXIX, 1887 
Clauses (variable, incomplete, and perma- 
nent) in specififeations, 1742 
Claw couplings, 1729, 1730 
Clay, 

borings in, 1103 
pile-driving in, 1016 
puddle for borings, 1098 
sinking piers in, 993, 995, 1000 
Clay-centered arch-rings, 1637 
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Cleaning drawings, 1387 
Cleaning of metalwork, 767, 768 
Clear headway requirements of War De- 
partment, 1143 
Clearance, 329, 331 
between spans, 337 
curves, 1638 

expansion points, 332, 459 
highway bridges, 1639 
necessity for, 334, 336 
packing, 276 

railway bridges, 483, 484, 1638 
skew bridges on curves, 147 
square bridges on curves, 147 
Clips, 366 
Cluster piles, 1011 
Clutches, friction, 1730 
Coalbrookdale Bridge, 16 
Coal-tar paving-pitch filler, 1834 
Cochrane, V. H.. 127, 296, 963 
Code of ethics, 1631 

Coefficients of elasticity for concrete and 
stone, 959 

Cofferdams, 967, 973, 1051 
bracing of, 975 
collapsing of, 979 
cost of, 979 
flooding of, 979 
freezing process, 977 
leaks in, stopping of, 976 
locations for, 973 
movable, 978 
percolation through, 975 
pumping out of, 978 
reinforccd-concrete, 977 
removable, 990 
seepage through, 975 
selection of type of, 974, 980 
types of, 973 
waling for, 975 
work, 1859 
Coignet, Francois, 18 
Odby £ Christie, 1419 
Colby & Christie’s htuidliook, 1431 
Cold-rolled shafting, 3.37 
Collapsing of cofferdams, 979 
Collars, 1730 
Collection of data, 1082 
Collingwood, Francis, 662 
Colorado River Bridge at Austin, Texas, 
1164 

Cobssus Bridge, Philadelphia, 20 
Columbia River Bridge at Trail, 736, 1026 
Column, 

anchorage, 278, 304-309, 1643, 1644 

batter, 1684 

Ixsam action of, 278 

cast bases for, 340 

compression tests on, 259 

contraflexurc, point of, 204 


Column,' 

details, 1684 
disposition, 277 
feet, filling of, 1840 
footings, calculation of stresses in, 857 
designing of, 936 

quantities of materials in, 1326 , 
1328 

forked ends of, 285 
formulae, origin of, 14 
moments of inertia of, 841 
overturning moment on bases, 304-309 
point of contraflexure, 294 
reinforccd-concrete, 
designing of, 936* 

quantities of materials in, 1325, 1326, 
1327 

spacing, economics of, 1194 
splicing, 338 
towers, batter for, 540 
trestles, stresses* in, 1669 
unit stresses, 322 
unsupported lengths of, 960 
viaduct, tops of, 339 

Combinations of stresses, 250, 1376 , 1658 , 
1659 

bending and direct stresses, 251 
steel trestles, 250 
swing-spans, 1689, 1690 
Combined bridges, 341 
classes of, 342 
economy in designing, .344 
Commencement of fieldwork, notice of, 
1768 

Commercial influences us affecting layout, 

1213 

Common sense in interpreting specifications, 

1656 

Compacting of soil, 1008 
Comparison of designs, economic, 1182 
Comparison of high and low bridges, 6()3 
Comparison of pneumatic and open-dredging 
processes, 1074 
Comjjensating trusses, 647 
Compensation in securities, 1607 
Competition, 29 

for engineering work, 1620 
unprofessional, 1601 
Competitive bids, 40 
designs, effects of, 283 
plans, 1626 

Competitors, pooling of, 1533 , 1534 
Completion of contract, delays in, 1884 
estimates of time for, 1363 
time of, 1876 

Compound interest, 1368, 1364 
Compound webs, 500 
Compression chords, splices in, 292* 
Compression flanges of plate-girders, pro- 
portioning of, 431 
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Compression members^ 

distribution of metal in, 274, 492 
intensities of working stresses for, 259, 310 
Vr for, 494 

proportioning of, 492-505 
thickness of wcb-plates, 1677 
unit stresses, 322, 323 

Compression and shear in reinforccd-concrete 
beams and slabs, 1657 
Compression stresses, 178 
Compression tests for concrete, 946 
Compression tests on columns, 259 
Compressive strength of concrete, 957 
Compromise Standard System of live Loads 
for Railroad Bridges, 99 
Computation of stresses, concentrated-whecl- 
load method for, 160, 161 
Concentrated loads, 

plate-girder spans, shears, moments, and 
reaction, 414, 416, 417, 418 
rcinforccd-concrete slabs, distribution 
over, 852 

Concentrated-wheel-load method of stress 
computation, 160, 161 

Concrete, 

abrasion of, 1024 

application to American bridgework, 28 

base for paving, 368 

caissons, advantages of, 1004, 1005 

camber for bridges, 753 

cinders for, 54 

compression tests for, 946 

compressive strength of, 957 

construction, inspection of, 951 

construction work, 946-953 

continuity of operation in placing, 1866 

cost of cubic yard, 1364-1360 

dry surfaces in, 1864 

encasing of metal, 769 

estimating, 1364-1360 

hand-mixing of, 1864 

heating materials for, 1044 

in£y)cetion, 1449 

intensities of working stresses for, 958, 
959 

minimum thickness of, 962 

mixing and placing of, 951, 1043, 1863 

pavement, 370 

paving base, 368 , 369 

piers, 

advantages of, 1022, 1023 
coping of, 1024 
piles, 1012, 1191 , 1866 
proportions, 1868 

reinforced. See Roinfiorced concrete, 
application to American bridgework, 
28 

origin of, 17 

removal of forms from, 952 
revetment, 1062 


Concrete, 
salt in, 1044 
salt water for, 1044 
sand for, 54, 55 
shafts, designing of, 1024 
sidewalks, 1836 
specifications for, 1861-1864 
stone, 53 

impurities in, 53 
stresses, working, 958, 959 
testing, 1468 

testing of hardness of, 953 
weights of, 95 
working stresses, 958, 959 
Concreting in freezing weather, 951 
Concreting of arch ribs, 952 
Condemnation of old bridges, 1619 
Conduits and gas pipes for lighting systems, 
1848 

Congress Street Bridge at Troy, N. Y., 
493 

Conjugate pressures, 1032 
Connecting plates, strength of, 284 
Connecting trestle towers by girders, 538, 
539 

Connection angles, 
floor-beams, 378 
plate-girders, 444-446 
stringers, 376 
wide-legged, 209 

Connection at cantilever arm for transmission 
of wind loads, 611, 613 
Connections, reaming of, 1783 
Connel Ferry Bridge (Scotland), 603 
(''onoid of pressure, 1011 
(Consent of surety, 1886 
Considerations in contracts, 1663, 1664 
ConsidCrc, 18 
Construction, 

administration of, 1688 
engineering of, 1466 
facilities as afTenting layout, 1816 
joints in reinforced - concrete bridges, 
950 

modm operandi of, 1767 
records, filing of, 1410 
reinforced-cQiicrete bridges, 946-953 
tramways, 999 

Consulting bridge engineers, 39 
Contingencies, 1349 

allowance for, 1699 , 1600 
Continuity of operation in placing concrete, 

1866 

Continuity of stringers, 210 
Continuous girders and trusses, 482 
moment coefficients for, 845 
plate-girders, 418, 419, 444 
spans, 1643 
stresses in, 850. 
truss bridges, 25 
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Contract, 1687 

abrogation of, 1666 
agents, 1662 

alterations or changes in, 1886 

arbitration in, 1666 

assigning or subletting of, I6669 1882 

author's form of. 1668, 1669. 1670 

award of, 1881 

bond in, 1866, 1867 

changes in, 1666, 1666 

clause for extra payments in, 1665 

considerations in, 1663, 1664 

corrections in, 1670, 1671 

dating of. 1662, 1667, 1886 

delays in completion of, 1884 

description of parties to, 1660, 1661 

duration of, 1663 

effect of war upon, 1662 

erasures in, 1670 

essential elements of, 1668, 1659 

executed, 1666 

extra payment, clause for. 1868 

forecasting eventualities for, 1664 

form of. 1668, 1669, 1670, 1883 

importance of drafting proper, 1667, 1668 

letting “get (!old,’* 1871 

liquidated damages in, 1664 

manifolding of, 1871 

opening clauses for, 1669, 1660 

parties to, description of, 1660, 1661 

“passing the dollar’’ in, 1664 

payment clause of, 1666 

penalties, 1664 

preambles for, 1660, 1662 

promises in, 1663 

scope of, 1869, 1870 

signatures to, 1667 

submission to lawyer for final approval, 

1671 

Sunday illegal, 1671 
U. S. Government, 1662 
witnesses to, 1667, 1668 
Contraction and expansion, 275 
Contractor, 1707 
directions to, 1766 
duties defined, 1653 
incompetent, 1615, 1616 
plant. 1616, 1768 
rights, 1615 
risk, 1766 
warning, 1616 
work, other, 1766 

Contraflexurc, point of, in columns, 294 
Controllers, 1703, 1794 
Conversion of a simple span-bri<lge -into a 
cantilever structure, 1079 
Cooper, Theodore, 29, 98, 269, 634, 662 
Coping. 1021, 1052 
concrete piers, 1024 
quantities for, 1300 


Coping of stringers, 375 
Copper, 50 

nickel stool, 68 
Corbeled arches, origin of, 7 
Cord. Mr., 17 
Core drilling, 1094 
equipment for, 1098 
Corner brac:kets, 340 
Cornwall, Ontario, Bridge failure, 1644 
Corrections, 

contracts, 1670, 1671 
errors of connections, 1849 
secondary stresses, 1784 
triangulatioii angles, 1461 
Correspondence, 1388 
field, 1479 
files, 1411 

Corrosion, provision for, 256 
steel in salt water, 986 
Corrugated bars, 48 
Corrugated plates, 47 
Corthell, Dr. E. L., 965 
Cost, equivalent total first, 1182 
Cost plus a lump sum, 1582, 1684 
Cost plus a i^ercentage, 1582 
Costs. See also Diagrams and Tables for 
designing. 

abutments, plain concriite railway, 1199 

alloy steel. 65. 60, 76, 77. 81, 83, 85, 87 

borings, paying for, 1604 

cofferdams, 979 

draw protection, 779 

driving piles, 1019 

embankments, railway, 1196, 1196 

making l>orings, 1099 

materials in place, 1364, 1366, 1369, 1360 

nickel steel bridges, 61, 64 

pow»‘r, criuipment, movable bridges, 681 

sinking piers, 982 

swing spans, 698 

trestles, 777 

vanadium steel bridges, 8.5 
W'or>den trestles, 1197, 1198 
C’ouloinb, 14 
Coulomb formula, 10.3.3 
Counterbalancang chains for vertical lift 
bridges, 722 

Countcrbraciiig, 1641, 1642 
Counterforted retaining walls, 1037 
loads on base slabs of, 1039 
loads on counterforts of, 1041 
Counterforts, reinforcing of, 1040 
spacing of, 1042 
Counters for truss spans, 1683 
Countersinking ties for hook bolts, 366 
Counter system, excess loads for, 1668 
Counterweight and operating ropes and their 
attachments, 1718, 1789, 1790, 
1791 

Counterweights, 1732, 1792 
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CouplinffB. 1101, 1799, 1730 

Court settlement, 1617 
Cover-platos for plato-girder flanges, 
areas, 426, 429 

centres of gravity of flanges, 427 
flange sections, 422-428 
full-length plates, need for, 428 
lengths, determination of, 440-444 
extra at ends, 440, 443, 444 
rivet heads in, undesirability of, 428 
rivet pitches, 437 
weigh ts,*426 

Cover-plates for truss mcmlicrs. 274, 428 
compression meinbers thicknesses of, 

1677 

widths of, 498 
Covers for machinery, 1731 
Cowing bascule, 712 
Cradling of cables, 21 
Crane in machinery house, 1734, 1802 
Creosoted timber, 775 
block paving, 1806 
piles, 775, 1013 
weights of 95, 

Cribs, 975, 977 
bracing for, 1049 
reinforced-concrete, 974 
timbers, 1048 
Crimping, 332 

stifTening angles. 328, 421, 1903 
Criterion, 

economics of bridge layouts, 1189 
maximum bending moment, 164 
maximum shear, 162, 164 
Critical section for pure shear and diagonal 
tension in beams, positions of, 
830 

Critical speeds, 124, 126 
Critical velocity, 1127 
Criticizing another engineer’s work, 1621 
(vrosa-dykes, 1061 

Cross-frames near expansion pockets, 398 
viaducts, 338 
Cross-girders, 

plate-girder spans, 1669, 1672 
truss spans, 1677 
Crossings, right-angled, 1090 
Oown hinge for arch bridge, 646 
(downing of roadways, 372, 373 
C:;ulverts, 1043, 1864 
Curbs, 373, 374 
CuriM on embankments, 1837 
C^urrent measunmients, 1148 
Current meters, 1148 
Curvature of channel, 1058 
Curvature of top chords, 480, 1176 
Curvature of track 

adjustment of track for, 138 
clearance diagrams for, 147 
effects of, 132 


Curvature of track, 
effects of, 
chords, 145 
deck spans, 144 
floor-beams, 141 
equalizing stresses for, 146 
reversion of, 133 
Curved approaches, 1091 
Curved flanges of plate-girders, 437 
Curved members, 272 

top chords, 479, 480, 487, 488 
trusses, 1071 

Curves, clearances on, 1638 
Curves on apprr>achcs, 1212 
Curves, reverse, 1212 

Cushions for wood-block pavements, 368, 
369 

Customs' duties, 1756 
Cut spikes, 362 
Cuts, beveled, 328 
Cutting edges, 987, 999, 1050 
Cutting, of pipe, 1100 
Cutting rates, 1606 
Cylinder piers, 1025, 1026,* 1054, 1056 
bracing of, 1026, 1055 
strengthening of, 1630 
telescoping of, 1026 
Cypress, 52 

D 

Daily labor, limits of, 1766 
Daily records, 1476 
Daily reports, 1486 
Damages, 1766 
luiuidatcd, 1876 
Dams, 974 

freezing process, 974 
Danger, facing by engineer, 1617, 1618 
Danger from fire, 348 
Danube River bridge designs, 1178 
Danube River timber arch bridge, 10 
Dapping guard timliers, 3G4 
ties, 359, 300 
Data, collection of, 1082 
full, 1629 

necessity for obtaining, 271 
rc(iuired for designing bridges, trestles, 
and viaducts, 1081 
Dating of contract, 1667, 1886 
Day labor method, 1662, 1683 
Dead loads, 94, 056, 1376, 1649 
arches, 96 

assumptions required in determining, 94, 
95 

checking of, 1377 
distribution of, 94 
extraneous, 94 

unit weights of materials for, 95, 956 
D6bris, removal of, 1769 
Decay of foundation piles, 970 
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Deck bridges, 

bottom lateral systems for, 404 
effect of track curvature on, 144 
sections, 493 

sway bracing of, 1642, 1643 
Decoration, 1162 

by means of paint, 1177 
Deep foundations, allowable pressures on, 
905. 966 

Defense of lawsuits, 1667 
Defining contractors’ duties, 1663 
Definitions, 

” Engineer,” 1886 
navigable waters, 1137 
terms, 1882 

Deflecting sheaves, 1726 
Deflections, 227-249 

continuous beams, 230 
defined, 22S 

floor-bcunis, bending stresses due to, 206 
graphic method of figuring 249 
provision against excessive, 1674 
reinforccd-concrctc beams and arches, 842 
straight beam, 228 
swing spans 1692 
trusses, 238 
Deflcctometer 122 

Deformation of chords, stresses due to, 208 
Deformation test Hildreth’s, 1438 , 1439 
Deformed bars, 
origin of, 28 
weights of, 799 
Degrees, utilization of, 1626 
Delays, 1886 

Delays in completion of contract, 1884 
Demurrage and cartage, 1766 
Deposit check and forfeiture thereof, 1881 
Depreciation rate of 1627 
formuke for, 1627 , 1628 
Depths 

economic, for plate-girders, 419, 420 
effective, 1640 
foundations, 1867 

plate-girder webs, determination of, 419- 
421 

truss members 494 495 
trusses, 

economic, 1184 
excessive, 1176 
viaduct girders, 329 
Derrick car, 34 
Derrick for borings, 1097 
Description, general, 1743 
Designing. Sec also Diagrams and Tables 
for designing, 
arch spans and piers, 940 
anchor bolts, stresses in, 304-309 
base of retaining walls, 1036, 1038 
base plates, eccentric loads, 304^09 
column footings, 936 


Designing, 

eccentric loads, 

base plates and shoes, 304-309 
pile groups, Eq. 24 and 26, 300 
rivet groups, 298-301 
stresses in anchor bolts, 304-309 
general limits for, 1661, 1662 
general principles in, 1662, 1666 
I-beam bridges. See also Plate-girders, 
general, 460 

highway, 463, 464, 1668 
railway, 460 463, 1667 
plate-girder bridges, 460-467, 1668-1671 
general, 460 
highway, 467 

raUway deck, 464, 465, 1668-1671 
railway through, 464-467, 1668-1671 
end details, 464, 467 
plate-girders, 411-460, 1668-1671 
cover-plate lengths 440-444 
depth of web, 419 420 
end bearings. See Shoes, 
end details, 444-447, 464, 467, 1670 
flange proportioning, 421-432 
cover-plates, 422-428 
no cover-plates, 428-431 
splices, 421, 422 
lengths of cr>ver-platcs, 440-444 
moments, 411-419 
reactions, 411-419 
rivet pitches, 432-441 

component parts of flanges, 437- 
438 

curved flanges, 437 
inclined flanges, 433-436 
variation throughout flange, 438- 
441 

vertical loads, 436 
shears, 4114419 
shoes, 452 -460 

fox-bolts, 453, 454, 457 
masonry plates, 453 
rocker and roller shoes, 455-458 
size of base, 457 
rocker sliding shoes, 454, 459 
sliding Ijearings on steelwork, 458 
sliding cast bases, 454 
types of, 453 

stiffeners, end, 444-447, 464, 467, 1670 
stiffeners, intermediate, 421, 430, 1670 
web, 419-421 
web-splice, 447-452 

detailed design, 450-452 
loads on, 447, 450 
types of, 447-449 

reinforced-c^oncrcto bridges, specifications 
for, 959 

reinforced-concreto columns, 930' 
riveted tension members, 296 
slabs, 918 
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Designing, 

steel superstructures, specifications for, 

1632 

steel trestles, 251 
timber beams, 

bending, 303, 304 
shear, 302 

unit stresses. See Tables for designing, 
wall footings, 939 

weight of steel superstructures. See 
Weights of steel superstructures. 
Designing Department, 1389 
Designing for gun-fire contingency, 1077 
Desmond, T. C., 1010 
Detail drawings, 1769 

preparation of, 1379, 1380 
Detailing (see also Diagrams and Tables for 
detailing), 283, 1394 
columns, 1684 
development of, 30 
general, 281 

I-beaiiis. See Designing, 
importance of, 280, 281 
joints, 518 

open-wehl)ed, riveted-girder spans, 1674 
piers, 1007 

j)in-oonnected highway spans, 1683 
pin-connected railway spans, 1681 
plate-girder spans, 1668 , 1669 , 1670, 1671 
pneumatic caissons, 1007 
railway trestles and elevated railroads, 
1683, 1684 

rivcted-truss, highway spans, 1680 
riveted-truss, railway spans, 1676 
rolled I-lx*aiii spans, 1667, 1668 
trusses, 492, 503 

Details of trusses, percentages of, 1227, 12399 
1240, 1241 

Details, tests of, 1776 
Deterioration of bridges, 1622 
by rusting, 1617 

Determination of areas of waterwasrs, data 
for. 1109 

Determination of centre line of rib, 80,3 
Determination of layouts, 1210 
Determination of probability of scour, 969 
Detroit-Superior Bridge, Cleveland, Ohio, 
631, 632 
Development, 

American bridge engineering, 19 
bridge materials, 16 
detailing, 30 

highway bridge building, 1632 
reinforcing bars, 963 

Diagonal tension, reinforced-concrete, 961 
Diagonals of trusses, sections for, 1676, 1681 
Diagrams for designing, detailing, and osti- 
. mating, 

arch ribs, values of n and r, 640 
centrifugal force from curved track, 137 
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Diagrams for designing, detailing, and esti- 
mating, 

clearance diagrams, 

tangent, through bridges, 484 
tracks on curves, 147 
columns, points of contraflexure in, 294 
costs. See also Costs. 

comparison of carbon and nickel steel, 
65, 66, 81, 86, 87 

concrete, materials for, 1367, 1368 
power equipment, movable bridges, 
681 

railway abutments, 1199 
riiilway embankments, 1196 , 1196 
trestles, wooden, railway, 1197 , 1198 
draw spans, 

percentage of weight of simple span, 

1249 

reactions for balanced loads on rim 
bearing, 690 

reactions for centre bearing, 691 
earth pressures on retaining walls, 1034 
I-l)eams for railway spans, 461 
impact coefficients, 

electric railw'ay bridges, 130 
highway bridges, 131 
railway bridges, 120 
lacing, 287, 288, 289 
loads, 
live, 

end shears, electric railway, 109 
end shears, railway, 104 
engine diagram, (3ass 50 loading, 
16:1 

cciuivalent uniform, for electric 
railway bridges, 110-116 
C(]uivalcnt uniform, for railway 
bridges, 105, 106 

road rollers and motor-trucks for 
highw'ay bridges, 118 
uniformly distributed, for highway 
bridges, 117 

wheel loadings, electric railway 
bridges, 107 

W'heel loadings, railway bridges, 
103 

traction, for railw'ay bridges, 157 
wind, 

urea of railway bridges exposed 
to wdnd, 153 

Duehemin’s formula for inclined 
surfaces, 150 

highw'ay and electric railway 
bridges, 154 
railway bridges, 151 

net sections of riveted tension members, 
295 

platc-ginlers, 

economic depths, 420 
flange sections, 422 
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Diagrams for dosigning, detailing, and esti- 
mating, 
plato-girdors, 

net areas of flanges composed of 2L” 
and cover-plates, 429 
rivet pilches for combined shear and 
direct load, 439, 441 
shears throughout spans, 413, 415 
points of contraflexure in braced columns, 

294 

rainfall and run-olT throughout U. S., 

1116 

reinforced concrete, 

arches, approximate calculations, 
moment coefficient for live 
loads, 870 

moment of inertia, 841 
point of contraflexure for ar(‘li 
shortening and temperature 
stresses, 870 

temperature-stress coefficient Q, 
871 

beams, columns, and slabs, design of, 
columns under direct stress only, 
819 

double-reinforced beams, 802-804, 
flexure and direct stress, 822, 827, 
831 

moment of inertia, 840, 841 
rectangular beams, 797, 798 
slabs and small l)eams, 798 
T-beams, 809, 811 
variable depths, 817 
web reinforcement, 835 
concentrated loads, distribution over 
slabs, 853 

arrangement of, 854 
continuous girder moment coefficient, 
845 

value oik ^ and 2k — 3A;* + A:®, 
843 

forms, pressure of concrete on, 940 
quantities. See Quantities, 
retaining walls, quantities, 
plain, 1319 
reinforced, 1318 

rivets, diagram for number roriuired, 519, 
520 

skew-span arrangements, 485, 487 
superelevation of track on curves, 135 
tension members, riveted, net sections, 

295 

timber beams, 303 
trestles, railway 

economic span lengths, 1869, 1270 
maximum loads on tops of pedestals, 

1263 

trusses, 

section of members, pin-connected 
spans, 530 


Diagrams for designing, detailing, and esti- 
mating, 

trusses, 

sections of members, riveted spans, 
490 

weights of steel superstructure. See 
Weights of steel superstructures. 
Diameters of pins, 531 
Diaphragms, 50C, 507 

truss moml)ers, 498, 506, 507, 531 
Dictation, 1630 

Dies and punches, sizes of, 1422 
Differences of opinioi), 1766 
Dignity of profession, 1607 
Dikes, 1866 , 1867 , 1868 
spur, 1058 
training, 1060 

Dimensioning for camber, 751 
Dimensions, standard, 332 
Diplomacy in testing, 1470 
Direct-current electric motors, 1793 
Directions to contractor, 1766 
Direct nieusiiremcnts, 1467 
Direct tension on rivets, 276 
Disc piles, 1012 

Dishonesty, punishment for, 1631 
Disposal of bf>ring outfit, 1107 
** Disputed Points in Railway-Bridge De- 
signing.’’ 120, 161, 282 
Distance between central planes of stiffening 
trusses in suspension bridges, 656 
Distribution of concentrated loads over 
slabs, 852 

Distribution of metal in compression mem- 
bers, 274 

Dividing line between specifications and 
contracts, 1667 

Dixvillc, Kentucky, Bridge, 25 
Docks for caissons, 994 
Dolphins, 780, 782, 1866 
Dominion Bridge (’o., 612 
Don River Lift Bridge at Rostoff, Russia, 
740, 742 

Doric order, 1153 

Double-cancellation for lateral systems, 390 
Double-concentration method, 170 
Double-intersection triangular truss, 468, 
471 

Double-rotating cantilever draws, 665, 666 
Double-shaft piers, walls of, 1052 
Double-track railway bridges, live loads for, 
107 

weights of metal in, 1286 , 1226 , 1237 - 
1848 , 1266 , 1868 , 1269 

Doubling up old spans, 1066, 1628 
Douglas fir, 52, 776 
Down-spouts, 353, 1836 
Drainage, 
basins, 373 

curb and gutter drains, 373 



INDEX 


2133 


Drainage, 

floor, 352, 372, 373 
gratings, 373 
holes, 1731 

pavements and roadways, 1836, 1836 
pivot piers, 697 
rail grooves, 373 
sidewalk, 373 
Drain pipes, 352, 373 
Draw bridges, 684, 1686 

double, rotating cantilever, 665, 666 
economic funertions of, 1194 
electri(;al operation of, 679 
gates for, 1068 
horizontal folding, 666 
loads for, 1687, 1688, 1689 
protection, 779 
cost of, 779 
designing of, 779 
omission of, 779 
timber cri!) type, 780 
pull-back, 666, 667 
rea('tif)iis f<ir ccnlrc-lioaring, 691 
rest piers for, 779 
shear-pole, 665 
styles of trusses for, 1686 
trusses, 1691 
Draw for laterals, 391 
Drawings, 

accompanying, 1768 

cheeking of, 1388, 1383, 1384, 1396 

cleaning of, 1387 

contents of, 1381 

detail, 1769 

determination of required drawings, 

1393 

preparation of, 1378, 1380 
flling of, 1386 
laying out of, 1381 
mailing of, 1398 
making of, 1378 
numbering of, 1396 
re(;ords of, 1396, 1397 
reinforced-concrete construction, 1388 
shop, 1409 
time-record for, 1408 
titles for, 1381 
working, 1380, 1769 
Dredges, 992 

Dredging machine, origin of, 12 
Dressing for ropes, 1791 
Drifting, 1781 

Drifting tests for steel, 1776 
Drilling, 327 
l)ed-rock, 1103 
core, 1094 
solid, 334 

Drill pipe, turning of, 1108 
Drill points, 1094 
Drippings, brine, 428 


Drive caps, 1100 

Drive head for borings, 1096, 1101 
Driving piles, 1014, 1866 
cost of, 1019 

long piles with water jet, 1017 
through clay, 1016 
Drop hammer, 1014 
Drums, 

operating, 1786 
rim-bearing swing-spans, 1698 
bearing-blocks, 1694 
designing, 691, 692 
girders, 1694 

Ductility tbst for asphalt, 1818 
Duluth Bridge design, 667 
Duluth Transporter Bridge, 672 
Dumb-bell piers, 1023, 1052 
Dun, James, 1111, 1118 
Dun waterway table, 1111, 1118 
Duplication, 1808 
Durability of piling, 1013 
Durability of plate-girder spans, 409 
DOsseldorff Brirlge, 626 
Dust-covers, 1731 
Dust guards for rollers, 456 
Duties, customs, 1766 
Duties of, 

bridge engineer to himself, 1631 
bridge engineer to his clients, 1688 
bridge engineer to his contractors, 1630 
bridge enginc^er to his employees, and 
theirs to him, 1689 

bridge engineer to the profession, 1688 
bridge engineer to the public, 1631 
employees, 1630 
Dykes. See Dikes. 

Dynamiting, 
caissons, 993 
piles, 1015 
pi|}e, 1098 

E 

Eads Bridge, St. Louis, 25, 27. 620, 621 
estimate of cost of, 1361-1363 
Earning capacity, reports on, 1674 
Earth, 

dams, 973 
embankments, 1866 
resistance, experiments on, 966 
thrust, 1034 
weight of, 96 
East Dart Bridge, 5 

East Omaha Bridge, 693, 694, 697, 1174 
driving piles for, 1016 
piers, 1027 

righting of, 1073 
protection, 1063 
temporary layout for, 1073 
Eccentric loads, 

base plates and shoes, 304-309 
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Eccentric loads, 

pile groups, Eqs. 24 and 26, page 300 
rivet groups, 298-301 
stresses in anchor bolts from, 304-309 
Eccentricity at joint, eflFcct of, 205 
Eccentricity of chord pins, effect of, 340 
Eccentricity of track, effect of, 132 
Economic comparisons, 

arches and girders in reinforceil-concreto 
construction, 1205 
bascules and vertical lifts, 1208 
cantilever and suspension bridges, 1206, 
1207 
designs, 1182 

steel and ndnforced-concrete bridges, 1206 
wooden and reinforccd-coucreto floors, 

1206 

Economic criterion, 1189 
Economic depths, cantilever bridges, 589 
plate-girder webs, 419, 420 
stiffening trusses, G55 
Economic lengths, 
anchor-arms, 1199 
anchor-spans, 1200 
panels, 1187 

reinforccd-concrcte trestles, 1191 
spans, 1187 
suspended span, 1198 
Economic questions, minor, 1192 
Economic span lengths, 

reinforccd-concrete trestles, 1327 
steel railway trestles, 1269 
Economics, 

alloy steels in bridgework, 79, 80 
approaches to bridges, 1193 
arches, 630, 1191 
as affecting layout, 1217 
bridge repairs, 1626 
cable rise, 656 
cantilever bridges, 1198 
cantilevers, 570, 580, 581, 585, 591 
colunin spacing, 1194 
elevated railroarls, 1189 
erection considerations, 1201, 1204 
half-through plate-girder spans, 410 
I-beam spans, railway, 410 
medium steel, 1200 
movable spans, 1208 
plate ginlcrs, 1184, 1186 
plate-girder spans, railway, 409, 410 
reinforced-concretc Ijents for steel trestles, 
1206 

reinforccd-concrete bridges, 1189 
silicon steel, 89 

simple trusses and cantilovcrs compared, 

1200 

standard and least expensive sections, 

1201 

superstructure design, 1182 
swing spans and bascules, 1208 


Economics, 

swings and vertical lifts, 1208 
trestles, 1189 

trusses with parallel chords, 1183 
trusses with polygonal top chords, 1184 
vanadium steel bridges, 86 
Economy in bridge design, 269, 1182 
Economy in designing combined bridges, 
344 

Economy, study of 1629 
Eddies, 1061 

Edge distance of reinforcing bars, minimum, 
962 

Edges, sheared. 1780 
Effective Ixviring an*as, 1668 
Effective depths, 1640 
Effective lengths, 1639 

ndnforced-concreto structures, 960 
Efficiency, functional, 1162 
Efficiency of two-anglci sections, 29.'k 
EgM^tian bridge's, 9 

Ejection of fine material from caissons, 999 
Elastic arch, 1 1 
theory of, 15 
Elastic limit, 265 

Elasticity (coefficients of) for concrete and 
stone, 959 

Electric, 

brakes, 1706 
cables, 1796 

furnace at South Chicago, Illinois, 77 
Worcester, Massachusetts, 77 
lights. 1177 
motor.':, 1702, 1703 

alternating-current, 1793, 1794 
direct-current, 1793 
operation, movable bridges, 1702-1708 
power wiring and electric cables, 1796 
process for steel, 76 
steel rails, 77 
steel, .status of, 78 

Electric railway bridges, live loads for, 107 
Electric railway tracks, superelevation for, 
134 

Electric railway trestles, weights of metal in, 

1269 

Electric .siren, 1801 
Electrical eciuipment 1792 
Electrical operation of draw bridges, 679 
Electro-metallurgical process of manufactur- 
ing steel, 72 

Elevatbd rifilroads, 548-567, 1686 
anchorages for, 551 
columns, types of, 552 
crimping of web stiffening-anglcs for, 552 
nepths of girders for, 558 
details of, 560-563, 1683, 1684 
distance between expansion pointa in* 
552 

economic span lengths of, 551, 567 
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Elevated raflroads, 
economics of, 1189 
elevators for, 549 
escalators for, 549 
expansion girders for, 563 
expansion pockets for, 565, 566 
faults ill existing, 553-557 
floors for, 550, 562 
girders, types of, 552 
latest improvements in, 559 
layouts for, 1372 
live loads for, 550 
locations of platforms on, 549 
paper on by author, 549 
pedestal caps for, 551 
pedestals for, 562 
rapid transit on, 548 
stations for, 549 
superelevation on curves in, 552 
tracks for, 557. 558 
weights of metal in, 550, 565 
Elevations, 1471 

tops of pier bases, 1051 
Elevator, hydraulic, 992 
Elevators for elevated railroads, 549 
Eliot, (yharles, 21 

Ellipse of elasticity, method of arch design, 
863 

Elliptical ribs for reinforccd-coiicrete arches, 
872 

Embankments, earth, 1866 

pavement and curbs on, 1837 
Emphasizing functions of parts of structures, 

1164 

Employees, 

duties of, 1630 
insurance of, 1609 
retaining of, 1609 
selection of, 1608 
treatment of, 1607 
Encasing of metal in concrete, 769 
Encasing pile heads, 968 
Encountering ol)staclcs, 1860 
End hearings. See Shoes. 

End bracing frames, 304 
End cross-frames in viaducts, 338 
End details, plate-girder spans, 444-447, 464, 
407, 1670 

connection angles, end, 444-446 
setting to exact position, 444 
stiffeners over bearings, 446, 447, 1670 
through railway spans, 464, 467 
End floor-beams, 293, 1641 , 1642 
connections, 399 

End lifts for swing-spans, 605, 1717 
machinery for, 1724 
End post, 

bending on, 1660 

sections for, 492, 498, 1676, 1681 

vertical, 481, 486 


End dieara,' , 

diagrams for, 104, 109, 165 
plate-girders, calculation of, 412, 414, 416 
Endorsement of assistants, 1627 
Engine service, 1764 
Engineer, definition of, 1886 
Engineering, 

contracts, 1607 
ethics, 1619 

fees on bridgework, 1601 
Engineering of construction, 1466 
** Engineering Specifications and Contracts,” 

1657 

Engineer’s field office, 1768 
Engines, gasoline, 1708, 1802 
Enlargement, future, as affecting layout, 

1216 

Enlarging pier bases, 971 
Ensink, J., 634 
Entering connections, 335 
Equalizers, 603, 1719 
levers and pins, 1792 
Equalizing stresses due to curvature, 146 
Equilibrium of soils, 1010 
Equipment, 

core drilling, 1098 
erection, 1507 
field engineer, 1488, 1489 
machinery, 1708 
power, 1702—1708 
wash borings, 1094 
Efiuity, 1689 

Equivsilent total first cost, 1182 
Equivalent uniform live loads, 

diagrams for. 105, 106, 111-116, 166 
floor-lx^ams, 168 
stress computation, 164, 165 
stringers, 166 
trusses, 168 

Erasures in contracts, 1670 
Erection, 

affecting economics, 1204 
.arches, 618 
barges for, 1849 

cantilever method of, 31, 1603 , 1604 

City Waterway Bridge at 'i'acoma, 1076 

considerations as affecting layout, 1216 

designing for, 334 

economics in, 1201 

equipment, 1607 

evolution of methods, 31 

expenses, 1366, 1366 

falsework, 1601 

floatation method, 34, 1603, 1610 
floating barges for, 1076 
floor system, 330, 335 
gallows frames for, 1612 
launching, 1606 
methods of, 1601 
organization for, 1606, 1607 
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Erection, 

rolling lift bridKCS, 335 
shelves, 330 
specifications for, 1741 
starting of, 335 
steel, 1848 

suspension bridges, 1606 
Ericson, John, 716 
Erosion of bunks, 1059 

effect of 'wave action on, 1059 
Errors, 

connections, correction of, 1849 
final position of piers, allowance for, 987 
limits of, in structural steel, 1784 
Escalators for elevated railroads, 549 
Essential elements of contracts, 1668 , 
1669 

Essential elements of plate-girders, 411 
Estimates (see also Diagrams and Tables for 
estimating), 1348 
enution concerning, 1369 
checking of, 1361 

engineer of a bridge mcnufacturing com- 
pany, 1364 , 1366 
final, 1483 
guaranteeing, 1624 

kinds made by consulting bridge en- 
gineers, 1362 
liberality in, 1360 
list of expenses for preparing, 1349 
monthly, 1479 - 1483 , 1489 
railway profiles, as basis, 1361 
requisites for preparing, 1348 
time for completion, 1363 
weights of metal, 279 
Ethics, 

bridge engineering, 1619 , 1621 , 1622 
code of, 1631 
Ethiopian bridges, 9 
Pitruscan bridges, 7 

B/ude Economique de VEmploi de UAder 
au Carbone d Grande Hiaistance 
pour la Conatruction dea Ponte, 
73 

Euboea Bridge, 6 

Euler’s formula, 14, 258 

Euphrates lUvcr Bridge, 9 

European and American practice comjjarcd, 

1181 

Evidence of experience, 1878 
pj volution, 

American bridge designing, 29 
bridge engineering, 1 
erection, 31 

materials for bridges, 16 
Examination of bridges, 1614 
Examples of a*pplication of curves of bridge 
weights, 1292 
Excavation, 1869 

caissons and piers, 1000, 1001 


Excavation, 
cost of, 1364 
inspection of, 1448 
P^xcliidcr pigment, 765 
Expansion, 275, 1067, 1644 
joints, 210, 211, 374 
clearance at, 332, 459 
concrete structures, 212 
gap bar for rails, 356 
girders in reinforced-concrete bridges, 
937 

lateral system, 1067 
paving, 368, 370, 1832 
plates for floors, 374, 1836 
pockets, 546, 1686 

floor-beams, 377, 378 
retaining walls, 1037 
trestles, location of, 539 
rollers for truss spans, 1679 
Expedients, definition of, 1065 
Expedients in designing and construction, 
1066 

Expense items, 

bridge project, 1349 
erection, 1366 , 1366 

estimates of an engineer of a bridge 
manufacturing company, 1364, 
1366 

substructure construction, 1366 , 1367 
Experience, evidence of, 1878 
Experiments on earth resistance, 966 
P^xpert bridge engineer, 39 
Expert services, 1627 
'Expert testimony, 1624 
Extension plates, tables for, 310 
Extensonietcr, 122 
Extra cost of wide plates, 327 
Extras, 1666 
Eye-bars, 1786 
heads, 1683 
Mayarf steel, 70 
nickel steel, 61, 93 
tests of, 1776 

F 

Face walls of retaining walls, designing of, 
1037 

P'aces, plastering of, 1044 
Facilities for storage, 1763 
Factor of safety for piles, 1010 
Failures of bridges, 37, 1639-1647 
highway bridges, 1647 
Fairbairn, William, 17 
P'alling span, shrjck of, 1077 
False bottoms for caissons, 994 
False Creek, Vancouver, bridges, girders 
' and floors for, 1206 
False evidence, 1628 
Falsework, 1601. 1760 
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Falsework, 

carrying trains, 1849 
cost of, 1369 
piles, 1608 

rcinforced-concrcte bridges, 940 
washout of, 1201 
Falsifying reports, 1628 
Falsities, 1166 
Falsity in detailing, 1160 
Fanning of tracks, 537 
Fanning’s formula, 1113 
Fascines, 1060 
cellular, 1061 
sink, 1061 

Fatigue of metal, 255 

Faults in existing elevated railroads, 653~~557 
Favoritism in specifications, 1664 
Fees, 1601 

determination nf in advance, 1628 
inspecting bridges, 1619 , 1620 
per diem, 1604 
promotion, 1607 
Felt, 51, 351 
Fender piles, 780, 782 

Fcrro-nickel, use of in making nickel steel, 68 
Field-glasses, 1461 
Field riveting, 276, 1782 
Fieldwork, 329 

correspondence, 1479 
equipment for resident engineer, 1488 , 
1489 

inspection, author's methods of, 1446 , 
1446 , 1447 

inspection of materials, 1467 
instructions for, 1476 
notes, 1478 

notice of commencement of, 1768 
office of resident engineer, 1768 
records, 1476, 1476 
reports, 1476 , 1476 

Fifteenth Street Bridge over the Blue River 
at Kansas City, 942 
Fijeenord Bridge, 700 
Files, 1407 

calculations, 1408 
catalogues, 1411 
checking prints, 1410 
construction records, 1410 
correspondence, 1411 
drawings and other papers, 1386 
shop drawings, 1402, 1411 
tracings, 1396 , 1409, 1410 
Filler, 

asphalt, 1836 
asphalt pavement, 1812 
coal tar, 1834 
pitch and stone, 368 
sand, 368 

Fillers under ends of stringers, 302, 376 
Filling, back-, 1864 


Filling caisson, 995 i 

column feet, 1840 
wells, 996 

Final estimates, 1483 
Final inspection, 1764 
Final quantities, record of, 1486 
Finish of reinforoed-concretc work, 953 
Finish of rolled steel, 1776 
Finished concrete, care of, 952 
Finished design, checking of, 280 
Finishing coat of paint, 766 
Fink, All)ert, 23, 471 
Fink tniss. 24, 468, 472 
Finley, James. 21 
Fir, Douglas, 52 
Fire, danger from, 348, 1206 
protection from, 1844-1846 
First-class m:iSonry, 1862 
First cost, 

equivalent total, 1182 
minimum, 1182 

First principles of designing, 267 
Firth of Forth Bridge, 593, 594 
Fisher, S. B., 725 
Fitness, inherent sense of, 268 
Fitting of stiffeners, 331 
Flange couplings, 1730 
Flungii sections for stringers, 328 
Flanges of cantilever Ix^ams, 380-382 
Planges of channels, turned in, 339 
Flanges of plate-girders, 421-444 
areas, 423^26, 420, 430 
calculation of, 432 
centres of gravity, 424, 427 
cover-plate lengths, 440-444 
make-up of sections, 422-430 
cover-plates, 422-428 
no cover-plates, 428, 430 
rivet pitches, 432-441 
section, determination of, 433 
splices, 421 

unsupported lengths, 431, 432 
Flaring sides nf caissons, 1001 
Flash test for asphalt, 1820 
Hats, 47 
Fleming, R., 304 

Floatation method of erection, 1603, 1610 
Floating bridges, 674, 675 
swing span, 684, 1073 
Flooding of cofferdahis, 979 
Floods, magnitude of, 1110 
Floor-beams, 

bending stresses due to deflection of, 206 
brackets. 378, 379, 380. 395 
connections, 378 
deck spans. 493 

effects of track curvature on, 141 
end. 293, 354, 1641, 1642 
equivalent live loads for, 168 
expansion pockets, 377-378 
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Floor-hoams, 

fillers for stringers, 370 
shelf angles, 377 
skew spans, 485-4S8 
Floor ssrstems, 

arrangements for various traffic, 364 

classes of, 346 

design of, 375 

erection of, 330, 335 

floor-beams, 376, 377 

highway, steel stringers for, 365 

open deck construction, 354 

protection against brine drippings, 348 

reinforced-concrete bridges, 943 

skew spans, 354 

solid deck, for iniss spans, 354 

stringers, 375, 376 

trough, 349 

vertical curves, 556, 57^ 
wooden bridges, 773 
Floors, 346 

ballasted, 347-350, 775, 1634 
advantages of, 347, 34S 
compared with other types of thin 
floors, 348 

timber flooring, 348, 349, 350 
track elevation, 348 
versus open deck for railway bridges, 
347 

bascule bridges, 366 
basins for, 373 
breaking of, 374 
brick pavements, 370 
buckled plate, 370, 372 
rantilcvcring of, 483 
comparison of, 349 

countersinking tics for hook bolts, 366 

curbs, 373, 374, 

drainage of, 352, 353, 372, 373 

expansion plates, 374, 1836 

fillers, sand and pitch, 368 

fireproofing of railway, 347, 348 

gratings for, 373 

highway bridges, 364-368, 1634, 1636 
nailing shims, 366 
noiseless, 348 

open deck construction, 347, 348, 354 
shallow floors, 353, 354 
paved, 1636 
paving bases, 368-370 
pitch, 366 
plank, 365 
bases, 369 

railway bridges, 346-364, 1633 
reinforced-concrete. 350, 351, 370 
shallow, 348-351, .353, 354, 493 
sidewalks,. .372, 1836 
solid deck construction, .349-351 
stone block pavements, 370 
timber, 365, 366. 1633-1636 


Floors, 

track elevation, 348-351 
treated timber, 366 
trough, 349 

waterproofing, 351, 352, 369 
wearing surface, 
plank floors, 366 
wood-block pavement, 368 
wood-block pavement, 366-368 
on grades, 368 
Fluxes for asphalt, 1810 
Flying Pendant Lever Bridge, 20 
Folding bridges, 668, 669 
“ Footballs.” 1697 
Footings, 
columns, 

calculation of stresses in, 8.57-861 
design of, 938, 9.39 
quantities of materi.als in, 1326 , 1388 
pedestal, 1028 

• rcinforccd-concrcto trestles, depths of, 

1324 

spretad, 1028 
square columns, 830 
wall, 837 

calculation of stresses in, 861, 862 
design of, 939, 940 
Force of character, 1616 
Foreign work, 1683 
Foresights, 1464 , 1466 
Forfeiture of deposit check, 1881 
Forged shafting, 3.37 
Forgings, 1802 , 1777 
Forked ends, 1682 
columns, 285 

tables for intensities, 310, 32,3 
Form of contract, 1883 
Form of proposal, 1880 
Ff>rmation, geologi(*al, 1093 
Forms, 1769 
cost of, 1369 

reinforced-concrete bridges, 947, 949 
removal of, 952 

Forms of trusses fr)r highway bridges, 1614 
Forms of trusses for railway bridges, 1640 
Formulai for truss weights, 1281 
Fort Leavenworth Bridge rep.airH, 1631 
Fort Smith- Van Biircn Lift Bridge, 728 
Forth Bridge, 574, 1786 
Foundation considerations a.s affecting lay- 
out, 1216 
Foundations, 964 
blasting of, 983 
depths of, 1867 

important buildings in the City of Mexico, 
970, 971 

inspection of, 1448 
pedestals, pressures on, 1030 
piles, 969, 1860 
decay of, 070 
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Foundations^ 
testing of, 1618 

Founding of pneumatic caissons, 971 
Founding piers on a thin crust, 970 
Four-angle Ranges of plate-girders, 437 
Four moments, theorem of, 215 
Fowler, Charles Evan, 608, 610 
Fox-bolts, 453, 454, 457, 1786 
Fox, Herman H., 783, 1387 
Fox, S. Waters, 1059 
Fracture of steel, 1776 
Framed trestles, 773, 775 
bracing of, 775 
limiting heights of, 773 
Framing of caisson timber, 989 
Frankness, 1629 
FYaser River Arch Bridge, 1170 
Fraser River (B. C.)i bridges, 577, 578, 629, 
635 

Fraser River Bridge, New Westminster, B.C. 
erection by floatation, 1603 
foundations, 983 
piles for, 1017 
triangulation, 1463, 1464 
Frutt Bridge, Kansas C’ity, 31, 344, 723, 724 
chord sections of, 495, 496, 499 
description of, 726 
illustration of, 727 
rocker sho<*s for, ,545 
second.'iry stresses in, 188 
shoes for, 532 
Fratt, F. W., 724 

Free Bridge, St. Louis, 25, 26, ,59*, 91 
nickel steel for, 91 
Freedom from obstnictioii, 1090 
Freezing of dams, 974 
Freezing of mortar, 1044 
Freezing process, 972 
for cotTerdaiiis, 977 
Freezing weather, concreting in, 951 
laying masonry during, 1864 
Freight, routing of, 1766 
French, A. W., 792 

French scientists, characteristics of, 7,3 
Frequency of api)lication of stresses, 275 
Friction clutches, 1730 
Friction, sliding, 1032 
Full-sized eye-bars, testa of, 1776 
Full-sized members, tests of, 1776 
Functions of parts of structure's einphiusized, 
1164 

Functions of the inspecting engineer, 1416 
Funicular polygon, 649 
Furnishing of materials by Purchaser, 1768 
Future enlargement as alTccting layout, 1816 
Future of bridge building, 35 


Galileo's law, 14 
Gallows-frames, 1618 


Gap-bar for rails, 3,56 
Garabit viaduct (France), 626 
Gasconade River Bridge failure, 1641 
Gas fixtures, 1177 
Gasoline engines, 1808 
borings, 1106 
movable span, 1708 
Gas-pipe railing, 383 
Gas pipes for lighting systems, 1842 
Gastmeyer, 118 
Gates, 1734 

draw spans, 1068 
movable bridges, 677, 678 
Gate-tender’s house, 1734 
Gauge, 3.55 
angles, 333 
indicator, 1736 
permissible variation in, 1779 
widening of track gauge on curves, 355 
Gears, 1787 

design of, 1710 
pitc;h diameters for, 314-321 
pitch, diametnil vs. circular, ,337 
General chiusi's in specifi(‘utions, 1649, 1660 
General dcscriiition, 1743 
General limits in designing, 1661, 1668 
General principles in designing, 1668-1665 
"General Specifications for Highway Bridges 
of Iron and Steel," 1187 
Geographical conditions affecting layout, 
1213 

Geological formation, 1093 
“Getting cold," 1671 
Gift stock, 1600 
Girders, 

continuous, 482 
depths in viaducte, .329 
drums of swing spans, 1694 
flanges, (centres of gravity of, 427 
plate. See Plate-girders, 
reinforced-coiicrctc, depths of, 1324 
round-ended, 3.33 
spacing of, 1637 
square-ended, 333 
towers, 338, 339 
Glacial drift, 1093 
Glasgow Bridge, 28 
Glossary of terms, 1892-8116 
Goheen carbonizing coating, 771 
Goldbeck, A. T., 852. 857 
Golden Horn Bridge, 677 
Goodrich. E. P.. 784, 1010 
Gooseneck, 999 
Gordon, Lewis, 14 
Gordon-Rankine formula, 16 
Gordon’s formula, 14, 257 
Goss, Prof. W. V. M.. 726 
Gothic arches, 11 
Government contracts, 1668 
excessive cost of, 1368 
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Government roquircmcnte as affecting layout, 

1210 

Grace, 1161, 1162 

Grade and alignment, 1212 

Grades, 

changes in, 3<)6, 374, 1748 
highway structures, 374 
pavements on, 368, 370 
sags, 1091 
Gradient, 1766 
Grading of banks, 1059 
Graff, C. F., 1684 

method of bidding on work, 1684, 1686 
Granitoid, 1866 
sidewalks, 1836 
Graphics, 158 

deterniination of stresses, 1377 
figuring deflect kins, 249 
progress records, 1489 
stress computation, 158 
Graphite paints, 767 
pigment, 766 

Grass-hopper locomotive, 34 
Gratings for floors. 373 
Gratis information, 1621 
Gravel, 54 

specifications for, 1861 
Gravity axes, intersection of, 273 
Gravity lines, meeting of, 491 
Great Bridge, Boston, 19 
Great Northern Railroad Vertical Lift Bridges 
over the Missouri and Yellow- 
stone, 737, 738 
Great wall arches, 9 
Greek bridges, 5 
Greek temples, 1163 
Griest, Maurice, 562, 567 
Griffith. J. H., 1010 
Grillages, 968, 1053 

plate-girder spans, 459 
Grimm. C. R., 178, 188, 216, 633 
Grips for rivets, 333 
Grooves, drainage of for rails, 373 
Grounds, 1797 

Grout filler for brick paving, 1833 
Grouting foundations by pneumatic pres- 
sure. 1066 

Grouting, injection of, 971 
Grouting of shoes, 459, 460 
Growth of steel, 332 
Groynes, 1058 
Grubeurnann, 12 
Guaranteeing, 
estimates, 1624 
faithfulness, 1626 
mechanical operation, 1624 
paint. 771 

pavement, 1816, 1839 
securities, 1699 
Guards, 1633, 1634 


Guards, 

dapping of, 364 
machinery, 1731 
rails, 356, 363, 364 
timliers, 363 
trestles, 774 
Gudiniindsson, G., 596 
Guides for vertical-lift spans, 1722 
Gun-fire contingency, designing for, 1077 
Gun, pneumatic, 1023 
Gusset plates, 491, 501, 518-529 

bottom chord joint, Fratt bridge, 526, 529 
O. VV. R.R. & N. Co.*a bridge. 526, 527 
designing, 519, 522 

bending and direct stresses, 520-522 
crushing, 519, 520 
example of hip joint, 522-526 
shear, 520 

tearing out, 519, 520 
top (‘honl of Fratt bridge, 526, 528 
Gyration, radii of, 504 
Gyratory lift bridges, 669 

H 

H-spctions, 48 
Hadfield, Sir Robert, 61, 90 
Half-dapi)ing for camber, 752 
Half pin-holes, 335 

Half- through plate-girder spans, economics 
of, 410 

llalsted Street Lift Bridge, Chicago, 718-720 
llaniilton Arch Bridge, New Zealand, 627, 
629. 638 

iland-brukes, 1704 
Handling ofliee work, 1387 
Ilaiid-niixiiig of concrete, 1864 
Hand-oi K-ration, 1702 
levers, 1731 
machinery, 1789 
Handrails, 332, 382, 383, 1636 
aligning of, 384 
connections, field, 384 
flaring ends, 1177 
gas-pipe, 383 
heights of, 382, 383 
ornamental, 1177 
reinforced-concrcte bridges, 945 
steel, 1786 
stnictural, 383, 384 
lirnlxjr, 383 
Hand riveting, 329 

Hangcirs of trusses, sections f(ir, 494, 495, 1676 

Hanging of caisson, 996 

Hardesty, Shortridge, 638, 783 

Hardness of concrete, testing of, 953 

Harlem River Arch, 643 

Harnuiny, 1164, 1166 4 

Harpoon, 1062 

Harriman System Lift Bridge at Portland, 
Oregon, 728, 730, 732, 733 
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Harrinfston, John Lyle, 99, 724, 1678 
Haupt, Herman, 15 

Havana Harbor Bridge, proposed, 612, 1166 
design, 1076 
nickel steel for, 60 
triangulation system for, 1461-1463 
Hawks, A. McL., 1077 
Hawthorne Avenue Lift Bridge, Portland, 
Oregon, 724, 725 
Hay steel, 57 

Headway requirements of War Department, 

1143 

Hcad-Wrightson Co., 675 
Hearings by Army Engineers, 1148 
Heating materials for concrete, 1044 
Heating of top chords, 212 
Heat-treated vanadium steel, 84 
Heavy Ix)cornotivc Ijoadiiigs by Irwin, 104 
Hell Gate Arch bridge, 27, 28, 31, 500, 625-627 
Henncbique, 18 
Hevia, Horacio, 1157 
High-alloy steel rivets, 84 
High and low bridges, comparison of, 663 
High banks, 1090 
High steel, 45, 88 
Highway bridges, 
arch ribs, 642 
clearances, 1639 
design of iron, 530 
failures, 1647 

floors, 364, 368, 1068, 1634, 1636 
grades on, 374 
intensities for, 257 
iron, design of, 530 
laterals for, 400 
live loads, 108, 117, 954, 1647 
main niemlx$rs of, 1642 
number of trusses for, 483 
pin-connected, 1683 
plate-girder si)ans, 1671-1673 
reinforced concrete, 1636, 1637 
riveted-truss, 1680 
stiitus of building, 1638 
styles of, 1640 
trestles, 1644 
trusses, fc;rms of, 1641 
viaducts, 1686 
wind loads for, 1646, 1768 
“Highwaymen,” stories concerning, 1633, 
1634 

Hildreth & Co., 1412, 1620 
deformation test, 1438, 1439 
instructions to inspectors, 1486-14899 
1437, 1438, 1440-1442 
Hilton, Charles, 29 
Hindoo cantilever bridges, 7 
Hirii'e at crown for arch bridge, 646 
Hinge plfjites, 335 
Hingeless arches, 620, 621, 636 
temperature stresses in, 212 


Hinges for arches, 19 

Hinging of pedestals, 539 

Hinging of reinforced-concrete arches, 941 

Hip joint, designing of, 523, 526 

History, 1-35 

bascule bridges, 700 
highway bridge building, 1638, 1633 
impact determination, 120 
live loads, 98 
movable bridges, 663 
reinforced-concrete bridges, 783 
Hodge, Henry W., 59, 64, 91-93, 100, 102, 
643, 660, 1068 
liighway floor, 1068 
Hodgkinson, Eaton, 14-17 

formula for long columns, 14 
Hoisting of suspended span of Havana Har- 
bor Bridge, 1077 
Holes for rivets, 1781 
Hollow piers, 1024 
Homer, 11 

Hoods for sheaves, 1722 

Hoogly River Bridge, India, 675, 676 

Hooke’s law, 14 

Hool’s ** Reinforced Concrete Construction,". 
863 

Horizontal folding draws, 665 
Horton, Horace E., 1066 
Houses, 1840, 1841 
gate-tender, 1734 
machinery, 1733 
operator, 1734 
Howard, E. E., 848, 865 
Howe, Prof. Malvcrd A., 617 
Howe, William, 15, 20 
Howe truss, 19, 20, 468, 472, 772 
Hubl>ell, Clarence W., 1613 
Hul)s, 1468, 1469 
Hudson, C. W., 227, 231. 238 
Hudson Memorial Bridge design, 1179 
Humps in track, 1818 
Hunt (Robert W.) & Co., 1412, 1429, 1448 
instructions to inspectors, 1429, 1430 
Hyatt, 28 
Hybrid truss, 482 
Hybrid truss bridges, 42 
Hydraulic buffers for vertical lift bridges, 723 
Hydraulic elevator, 992 
Hydrographic map and profile, 1149 
Hydrographic surveys for the bridging of 
navigable waters, 1147 
Hydrographical survey, 1091 

I 

I-beams, 47 
bridges, 408 

comparison with plato-girders, 410 
designing and detailing. See also De- 
signing of plate-girders, 
general, 460 
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I-lieams, 

dcsiKninf; and detailing, 
highway, 463, 464, 1668 
railway, 460-463, 1667 
milling ends of, 331 
sections, 

American standard, 460 
Bethlehem special, 460 
spans, 

details of design for, 1667, 1668 
economics of, 410 
stiffeners in, 301 
weights of metal in, 1280 
I-sections of truss members, 493-495 
Ibsen, H., 1624 
Ice brf\*iks, 1024 
Ice protection, 1053 
Identification of metal, 1771 
Imitations, 1166 
Impact, 256 

ballasted floor, effect of, 125 
dead loads of moving spans, 131 
determination, histiiry of, 120 
formuUe, 124, 125 

diagrams, 125, 127, 129—131 
Schneider's, 120 
Waddell's, 121, 122, 128 
loads. 120, 129-131. 1648 
piers, 964 

effect of, 123 
proposed tests for, 121 
reinforccd-foncnjte bridges, 955 
slow speed, 123 
stresses, 1376 
stringers, 126 
tests, 1618 

American Railway Engineering As- 
sociation, 123 
author’s, 122, 123 
web members, 126 
Incendiary w-ork on bridges, 1206 
Inclined end posts, l)ending on, 1660 
Incline^ flanges of plate-girders, rivet pitehes 
in, 433 436 

Inclined surfaces, wind pressure on, 150 
Incomplete clauses in specifi(;ations, 1748 
Indemnification against liability, 1886 
Indeterminate stresses, 178, 213, 223 
analysis of, 213. 214 
avoidance of, 217, 226 
Index, 1407 

Chapter LXXVIII, 1736 
Chapter LXIX, 1887 
tracing file, 1410 
Indian Engineering, 281, 1187 
Indianapolis bridge on Capitol Avenue, 1169 
Indicator, 1789 
boat. 1736 
lights. 1706 

' lights for span oxjcratiun, 1801 


Indicator, 

mechanical, 1706 
Indirect wind loa<l, 1668 
Influence lines, 170 
Information furnished gratis, 1621 
Ingratitude, 1628 
Injecting grouting, 971 
Injury to metal by seepage, 769 
Ink, 1387 
Inking, 1394 
Inspection, 
field, 

author's methods of, 1446-1467 
caissons, 1449 

cement and concrete, 951, 1449, 1460 
cement at manufactory, 1470 
excavation, 1448 
final, 1764 
foundations, 1448 
masonry, 4461, 1463 
materials elsewhere than at site, 1469 
materials in field, 1467 
materials other than metal, 1764 
painting, 1447, 1448 
piling and trestlcwork, 1450 
timl)er, flooring, and handrails, 1450, 
1463, 1469 
general, 1763 

l)ettermont of, 1414 
demoralization of, 1413, 1414 
imi>ortancc of good, 1418, 1466 
inauguration of, 29 
methods of payment for, 1416 
proper price for, 1439, 1440, 1609 
quality of, 1412, 1416 
reasons for, 1415 
responsibility for bad, 1413 
strictness of, 1764 

shop work and mill work, 1419, 1428 
functions of the inspecting engineer, 

1416 

instruct if >ns for, 

author’s, 1417-1419 
Hildreth, 1426-1429, 1437, 1438, 
1440-1442 
I.ong. 1419-1424 

Rolxirt W. Hunt & Co., 1429, 
1420 

Structural Steel Work, by Schnei- 
der and Colby, 1431-1436 
list of final questions, 1428 
metal, 1763 

steel rails, 1440-1442, 1447 

stock material, 1437 
Installation of machinery, 1803 
Installment, annual, required to produce one 
dollar, 1626 
Instructions 

Ijoring parties, 1100 
field engineers, 1476 
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Instructions, 

inspecting hridfses, 1680, 1681 
in8i>e(;tors, 

author’s, 1417-1419, 1445-1447 
Hildreth, 1486-1489, 1437, 1438, 1440- 
1488 

Robert W. Hunt & Co., 1489, 1430 
Tjong’s, 1419, 1484 
Instrumental work iii field, 1768 
Insulation of rails, 356 
Insurance of employees, 1609 
Insurance of rec;ords, 1609 
Integrity of bid, 1881 

Intensities of working stresses, 120, 255, 261, 
1664-1666 

compression mem1:)ers, 259, 310 
concrete, 958, 959 
diversities in, 260 
highway bridges, 257 
nickel steel, 262, 1656, 1666 
railroad bridges, 257 
nanforccd-concrete, 264, 957-959 
rt^versing stresses, 2(i5 
st(‘cl, 257 

substructure materials, 263 
timber, 263, 265, 1666 
wind loads, 262 
wrought iron, 257 

Int-ercity Viaduct of Kanssis City, piU^s for, 
1016 

Interest, cornriound, 1363, 1364 
Interference, 1630 
bridge siMicialist, 42 
Interlocking apparatus, 1808 
Intermediate columns in trestle piers, 541 
Intermediate hinges in stiffening tnisses, 655 
Intermediate trusses for t;antilever bridges, 
590 

Internal combustion motors, 1708 
International and Great Northern Railway 
of Texas, bridges on, 122 
International Engineering Congress, 57, 86 
International Nickel Company, 58 
Intcrprovincial Bridge at Ottawa, Canada, 
600 

Intersection of gravity axes, 273 

Investigations, preliminary, 1088 

Iowa Central Bridge over the Mississippi, 724 

Injii castings, 1777 

Iron highway bridges, design of, 530 

Iron railroad bridges, origin of, 16 

In)n stringers, origin of, 24 

Irwin, A. C., 104 

Isaacs, John D., 1448 

method of inspecting steel rails, 1448-1446 
I-sections of truss members, 493 
Issuing orders, 1630 

J 

Jack-knife bridges, 668, 669 


Jackson, 28 

Jackson, George W., 726 
Janesville, Ohio, Bridge failure, 1641 
Janni, A. C., 863 
Jaw couplings, 1789, 1730 
Jaw-plates, 323, 1688 
Jealousy, 1683 
Jefferson City Bridge, 689 
triangulation, 1461 
Jet, 

movable, 992 
driving piles, 1018 
Jetting pipes in caissons, 990 
Jol)S, 

listing of, 1410 
numbers, 1389 
Johnson, J. B., 15 
Johnson T. H., 15 

Johnson’s Magnetic lion Oxide paint, 770 

Johnston, Phelps, 612 

Joint, 

detailing, 518 
expansion, 210, 211, 374 
sliding, in trestles, 539 
Joists, 365 

Jonson, E. F., 215, 2.34 
Joumiil-bearings for tower-sheaves, 1788 
Justice, 1689 

Justice Davis’s opinion on navigable waters, 

1137 

Justice Field’s opinion on navigable waters, 

1137 

Judgment, necessity for, 269 

K 

K-truss, 16, 390, 478 
advantages of, 607 
secondary stresses in, 104 
Kamloops, B. C., Lift Bridge, 743 
Kansas City Bridge, over the Blue River, 
986 

Kaw River Bridge, on the Kansas City 
Southern Riiilway, Kansas City, 
34, 35, 749 

Keithsburg Bridge over the Mississippi, 724 
secrondary stresses in, 188 
Kellogg truss, 468, 477 
Kenova Bridge renewal, 1608, 1609 
Kessler, Gcc^rge E., 1169 
Kctchum, Milo S., 215, 351 
Keys, 1788 

** Kinetic Theory of Engineering Structures,” 
213, 214 
Kinzuu Viaduct, 545 
Kirkaldy, David, 28 
Kirkham, John E., 313 
Klein, Samuel, 792 
Knee-braces, 293 
Knippel Bascule Bridge, 700 
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Koeniissberg Baaculo Bridge. 700 
Koli Bridge. 281 
Kuichling's formula, 1116 
Kunz. F. C., 178, 188, 216, 502, 538, 546, 560, 
642 

Kutter’s formula, 1120, 1126 

L 

Labelye, 12 

Labor (doily), limits of, 1766 
Labor laws, observance of, 1766 
Lachino Bridge, 25, 1072 
Lacing, 274, 285, 328, 331 
angle, 286 
bars, 339 

clearance required Ix^twecn bars or angles, 
505 

comparison of types, 285-288 
desitsn of, 285-292 
formula for shear on, 1678 
lapping of bars or angles, 331 
minimum clearance for painting, 505 
shear on, 290 

strength of various types, 285-286 
truss members, 1678, 1679 
weight, 286-288 
Lag piles, 1012 
LaGrange, 14 
Laing, T. E., 717 

Lake Shore & Michigan Southern Lift Bridge, 
South Chicago, 737 

Lambot, 18 

Lamp-posts, 384, 385, 386, 1843 
Landscape, offense to, 1161 
Landsdowne Bridge, 594 
Language in specifications, 1663 
Lapping of lacing bars, 331 
Lap-splices, 508, 511, 517 
designing of, 512-515 
Latches for swing-spans, 1718 
Laterals and sway bracing, 387-407, 1641 , 
.1642 

bottom lateral system, 398 
connections of struts,. 293 
double cancellation for, 390 
expansion details, 1067 
functions of, 387 
highway, plate-girder spans, 396 
highway truss spans, 406 
I-l)eam bridges, 391, 392 
plate-girder spans, 392-394 
railway deck truss spans, 403 
railway through truss spans, 397 
rigidity of, 388 
riveted connections for, 399 
sections of members, 389, 390 
skew spans, 487 
solid floors, 388 
stresses in, 287 


Laterals and sway bracing,' 
stresses, 

coefficients for chords, 175 
for diagonals, 176, 177 
stringers, connections to, 399, 400 
through plate-girder spans, 394 
truss spans, 1676, 1676 
upper, 400, 405 

Lath for wood-block pavement, 368 
Latrobo, Benjamin II., 23 
Lattice bridges, 17 

Lattice girders, comparison with plate- 
girders, 411 

Lattice truss with polygonal top chord, 468, 
476 

Latticing, 274 
Launching caissons, 999 
Launching spans, 1606 

lougitudiiuUly, 1611, 1612 
Launhardt’s formula, 255 
Laws, lalx)r, observance of, 1766 
Law-suits, defense of, 1667 
Laying asj)halt., 1816 

Laying masonry during freezing weather, 

1864 

Laying of rails, 356, 1842 
Laying out wr>rk, 1371 
Layout of drawing sheets, 1381 
Layouts, 1372 

considerations affecting, 1210 
aesthetics, 1216 
commercial influences, 1213 
construction facilities, 1216 
economic considerations, 1217 
erection considerations, 1216 
foundation considerations, 1216 
geograpliical conditions, 1213 
maintenance and repairs, 1217 
navigation influences, 1216 
prf>perty considerations, 1213 
stream conditions, 1216 
time considerations, 1216 
U.S. Government rcciuirements, 1137 - 
1146 

determination of, 1210 
elevated railroads, 1372 
general, information on, 1372 
selection of, 1088 

tcmi>orary, for East Omaha Bridge, 1078 
trestles, 537 
Lead, 51 

Leaks, stopping of, 976 

Least work, principle of, 214 

LeConte, L. J., 90, 91 

Lecturing to engineering students, 1622 

Leiter, Z. P., 770 

Leiter’s air-drying salt-water-proof paint, 
770 

Lengths, 

cover-plates, 440-444 
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Lensths, 

effective, 1689 

reinforcod-concreto structures, 960 
plate-girders, economic and limiting, 409, 
410 

procurable, rolled sections, 510 
spans, economic, 1187 
ties, 361 

unsupported, girder flanges, 431 
Lenticular truss, 468, 474 
Lettering, 1381 
Leucol oil, 770 
Levees, effect of, 1122 
Leveling of bed rock, 1022 
Leveling up of shoes, 4G0 
Levels, 1471 , 1730 
Levers, hand-operating, 1731 
Liability, indemnific;atioii against, 1886 
Liability insurance for boring party, 1106 
Liability, non-waiving of, 1886 
Library, 1411 
Life of steel bridges, 37 
Lift bridges, 717-74G 

details of design, 1690 ( 1696 
guides for, 1722 
gyratory, 669 
history of, 717 
lifting deck, 728 
machinery for, 1727, 1789 
operating drums for, 1725 
operating roiies for, 1726 
power for, 1700 

suspending cables for, 1718, 1719 
trolleys for, 1707 
vertical, 717-71G 
wind loads for, 155 
Lifting deck, 728 
Lifts, end, for swing spans, 1717 
Light colors for bridge paints, 768 
Lights, 1707 

indicator for span operation, 1801 
service and roadway, 1797 
systems, 1842 
Lime, 5G 

Limit switches, 1706, 1797 
Limiting depths for open drcflging, 996 
Limiting lengths of railway plate-girder 
spans, 409 

Limits in designing, 1661, 1662 
Limits of daily labor, 1766 
Limits of error in stnictural steel, 1784 
Lindcnthal, Gustav, 27, 126, 471, 482, 625, 
660, 662 

lining-up of rivets, 328 
Linseed oil, 767 
Linville, J. H., 23, 24 
Liquidated damages, 1664, 1876 
list of data required for the proper de- 
signing of railroad bridges and 
trestles, 1082 


Listing of jobs, 1410 

Little River Lift Bridge, L. & A. Ry. Co., 740 
Little Rock Junction Bridge, repairs after 
substructure failure, 1680, 1642 
live loads, 98-119, 954, 1646 - 1648 , 1687 , 
1688 

double-track bridges, 107 
electric-railway bridges, 107, 954 
end shears, diagrams of, 

electric-railway bridges, 109 
railway bridges, 104 
equivalent, for floor-beams, 168 
equivalent, for stringers, 166 
equivalent uniform, diagrams of, 
elcctric-railway bridges, 110-116 
railway bridges, 105, 106 
highway bridges, 108, 117, 954, 1647 
history of, 98 
motor trucks, 118 
Railroad Bridges by Hodge, 100 
railroad bridges, various loadings, 103 
railway bridges, 954, 1646 
reduction of, 344 
road rollers, 118 

specifleations of '* Bridge Engineering,” 

ia3 

status in 1907, 102 

stresses, unit reaction method of comput- 
ing, 169 

swing bridges, 1687 , 1688 
testing old bridges, 1618, 1619 
Load area, definition of, 857 
Loading-girders for swing spans, 1692 
Jjoading metalwork on cars and shipping, 
1766 

Loading metalwork on vessel and preparing 
same therefor, 1766 

Loads, 

base slabs of counterforted retaining 
walls, 1039 

centrifugal, 133, 956, 1664 
counterforts of counterforted retaining 
walls, 1041 

dead. See Dead Loads, 
highway bridges, 1646 . See also Live 
Loads. 

impact, 120-131, 955, 1647 
live. See Live Loads, 
machinery of movable spans, 1709 
piers, pedestals, and abutments, 1045 
piles, 1047 

power equipment of movable spans, 

1697 

railway bridges, 954, 1646 
rcinforced-concrete bridges, 954-957 
swing spans, 1687 , 1688 , 1689 
traction, 149, 156, 157, 956, 1668 
transferred, 1662 
uplift, 97, 1660 
vibration, 149, 155, 1668 
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I.oads, 

wind, 149, 1661, 1652 
Locating of bridges, 1088 
Location, 1742 
air locks, 1005 
borings. 1101, 1106 
piers, 1471 
triangiilation, 1464 
splices, 508 

Locking apparatus, 1791 
Lockport, 111., Hridge, 32 
Locks, 

movable spans, 1724 
rails, 1724 

Locomotives, Mallet, 34 
Log cribs, 974 
Logs in caissons, 995 
London Bridge, 12 
l^ong, 15 

Long, E. McLean, 1412 

instructions to inspectors, 1419-1424 
Long Lake Highway Bridge, 6(W 
Long-leaf yellow pine, 52 
Long panels, 1176 

TiOng-span American })ridgcs. origin of, 24 
Long truss, 20 

Longitudinal launching, 1511, 1612 
longitudinal shear in timber, 302 
Longinuir, 01 

loose rivets, detecting of, 1517 
Toss of metal and other materials, 1768 
Louisiana & Arkansas Railway TJft Bridges, 
737 

Louisville & JefTorsoiiville Bridge failure, 

1643 

Low and high bridges, comparison of, 003 
Lowe Brothers paints, 771 
Loyalty, 1628 

Lubrication of bushings and loariugs, 1729 
Lucius, Albert, 590 
Lug angles, 329, 331 
lolu Island Bridge, 
draw protection, 780 
piles, 1017 

Lump-sum bids, 29, 40 

Lytton, B. C., arch cant lie vering, 1604 , 1606 

M 

Ma(;adam pavement, 1837 
Machinery, 1787 . Sec also Tables for 
Designing. 

londing stresses in wire ropes, 311 
equipment, 1708 

gears, pitch diameters of, 314-321 
hand-operating, 1789 
installation of, 1803 
materials, 1709 
movable spans, 1708 
operating, 1726 , 1727 


Machinery, 

rope sockets, 312, 313 
supports, 1697 
timber, 1840, 1841 
unit stresses, 1709-1712 
vertical-lift spans, 1789 
wire ropes. See Tables for Designing. 
Machinery house, 1733 
crane for, 1802 
MacMartin, James, 1623 
Magnitude of floods, 1110 
Mailing drawings, 1398 , 1399 
Main girders of reinforced-cr>nGrcto bridges, 
designing of, 924 
Main members, 

depths of, 494, 495 
highway truss bridges, 1642 
railway tniss bridges, 1641 
Maintenance, 

bridge, troubles in, 1623 
cost of, 1362 
existing bridges, 1622 
sewers and pipes during construction 
work, 1762 
traflic, 1608 , 1762 
traffic during renewal, 1629 
Maintenance and ropairs us alTecting layout, 
1217 

Maintaining correct form of shells, 1869 
Make-up of chord sections, 173, 501 
Making drawings, 1378 
Mallet engines, 34, 105, 100 
Mallet Triplex engine loading, 105 
Maney, J. A., 21G, 217 
Manganese, 46 
nickel steel, 61 
steel, 57 

Manhattan Suspension Bridge, New York, 
27, 59, 659 

Manifolding contracts, 1671 
Man-power rnacdiincry for swing spans, 697 
Manufacture, si)e(;iflcations for, 1741-1891 
Manufacturers, l^ridgc designing by, 37 
Manville, 118 
Mai>, hydrogru|)hic, 1149 
Map of the United States showing the annual 
rainfall and record run-offs, 1116 
Marching of soldiers, effect of, 117 
Marietta Bridge, 600 
Marking and matcdi-marking, 1783 
Marriotte's law, 14 
Marston, A., 15 
Maryland Steel Company, 68 
Masonry, 1861 
arches, 7, 536 
longest span, 19 
Rmnan, 9, 10 
theory of, 15, 617 
bearings upon, 1667 
first-class, 1862 



INDEX 


2147 


Masonry, 

inspection, 14S1, 1453 
laying during freezing weather, 1864 
mortar for, 1864 
permissible pressures on, 265 
piers, 1020 

proportioning of, 1020 
batter for, 1021 
plates, 453 
pointing of, 1864 
protection, 1689 
second-class, 1863 
testing old, 1618 
Massiveness, 1179 
Match-marking, 1688, 1783 
Materials and workmanship, 1768 
electrical, 1798 

Materials for bridges, 45, 1638 
abutments, 1031 
ancient bridges, 13 

approximate quantities of, 1871-1874 
checking receipt of, 1477 
evolution of, 16 

furnishing of by purchaser, 1768 
inspection of, 1418 
loss of. 1768 
machinery, 1709 

prices of. 1364, 1366, 1369, 1360, 1767 
records, 1477 

rcinforced-concrote construction, cost of, 

1369, 1360 
reports, 1487 

sources of supply for, 1766 
storing of, 1886 
unit weights of, 1649 
valuation of, 1480 
Matthyssen, N. H., 717 
Mattresses, 995, 1058, 1059, 1866-1868 
anchoring of, 1062 
basket-woven, 1060 
pier protection, 1028, 1060 
standard types of, lOliO 
thicknesses of, 1064 

Maumee River Bridge at Toledo, Ohio, 689, 
980 

Maximum shear, criterion for, 162, 164 
Maxwell’s law of reciprocal deflections, 237, 
246 

Mayari steel, 68 

cantilever bridges of, 71 
cost of, 70, 1080 
eye-l)urs, 70 
location of ore, 69 
production of, 70 
simple truss spans of, 71 
strength of, 69, 70 
testing of, 72 
Mayor, James, 662 
McKibben, F. P.. 862 
McMath's formula, 1116 


Meanders of stream, 1091 
Meaning of terms, 1888 
Measurements of boring pipe, 1103 
Medium steel, 45 
economics of, 1800 
Melan, 18 

Melts, test specimens from, 1773 
Members, depths of, 494, 495 
Memphis Bridges, 28, 69, 596, 1166 
Merchants' Bridge, 25 

estimate of cost of, 1361, 1363 
Meroo, l^hiopia,. arch bridge, 9 
Merrill, CoL, 473 

Merrimac River Bridge at Newburyport, 
Mass., 1066 
Mcrriman, Mansflcld, 15 
Merriman and Jacoby, 502, 591, 634, 1800 
Metal, 

arches, origin of, 27 
caissons, 986, 987 
cleaning of, 767, 768 
encasing of in concrete, 769 
estimates of weights of, 279 
extras for, 327 
fatigue of, 255 
identification of, 1771 
injury to by seepage, 769 
inspection of, 1763 
loading, 1766 
loss of, 1768 

pr)rtions of bridges, 1638 
prices, 1808 
protection of, 765 
sections, 47 
unusual, 48 
special cost of, 327 
spifciflcation for, 1770 
weight, computation of, 1377 
weights of, in swing spans, 1848 
Methods, 

pier sinking, 967 
stress computation, 158 
testing steel, 1778 

Metropolis Bridge over the Ohio River, 25, 26, 
88, 265 

Michigan Avenue Bascule Bridge, HufTalo, 
701 

Millholland, James, 22 
Milling, 

beams and stringers, 376-378, 1783 
cantilever beams, 382 
ends of I-beams, 331 
trough sections, 334 
Mill scale, removal of, 768 
Mill work inspection, 1419 
Mingo Junction Bridge, 598 
Minimum thickness of concrete, 962 
Minimum thickness of metal, 1661, 1680 
Mistakes, 1666 

Mixing of concrete, 951, 1043, 1863 
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Modem riveted trusses, advantages of, 748 
Modjeski, Balph, 72, 481, 598, 614, 619, 

o 1066 

Modus operandi of construction, 1767 

Mohr, 179, 215, 245 

Molitor, D. A., 213, 227, 237, lldl 

Mdller, 18 

Moment, 

bending, criterion for, 164 
coefficients for continuous beams, 845 
diagram for plate-girders, 414-418 
parabola of, 414-418, 440-443 
plate-girders, calculation of, 412, 414—418 
proportioning for, 421-432 
polygon, 416, 417 

Moments of inertia of beams, columns, and 
arch ribs, 839 
Moncrieff, J. M., 259 
Monier, 18 
Monkey bridges, 1, 2 

Monolithic structures, stresses in, 842, 961 
Monongahela Bridge, 594 
Montgomeiy Waddell’s types of bascules, 
711, 712, 715 

Monthly estimates, 1479-1483 
estimate sheet, 1489 
Monuments, 1467 
Moorson, Capt. W., 717 
Moran air lock, 1006 
Morison, Geo. S., 25, 29, 660, 696 
MOrsch, Emil, 784 
Mortar, 

freezing of, 1044 
masonry, 1864 
retempering of, 1044 
Motor-truck loads, 1637 
Motor wagons, 108 
Motors, 

electric, 1703, 1703. 1793, 1794 

alternating current, 1793, 1794 
direct-current, 1793 
mounting, 1703 
internal combustion, 1708 
Mounting of motors, 1703 
Movable bridges, 663-746 

advantages and disadvantages of, 680 

aerial ferries, 670, 671 

bascules, 66:1, 700-716 

best kinds to adopt, 680 

bob-tailed swings, 664 

classes of, 664 

comparison of lifts and swings, 680 
comparison of vertical lifts and bascules, 
682 

cost of power for operating, 679-681 
double rotating cantilever swings, 665, 666 
economics of, 1808 

electrical operation of draw spans, 679 
floating, 674, 675 
folding, 668, 669 


Movable bridges, 
gates for, 677, 678 
gyratory lift, 669 
history of, 663 

horizontal folding draws, 665 
jack-knife, 668, 669 
lift bridges, 717-746 
pontoon, 674, 675 

power for operating, 678, 1679-1701 
cost of, 679-681 
pull-back, 667 

Schneider, C. C., paper by, G83 
shear-polo draws, 665 
swings, 664, 684-689 
iranshordeurst 670, 671 
transporter, 670, 671 
vertical lift bridges, 717—746 
wind loads for, 154 
Movable jet, 902 

Movable span, position of, as affecting 
layout, 1211 
Multiple punches, 328 
Mullii>lc punching, 376-377 
Multiple-track structures, bracing Tranca 
for, 277 

Municipal Bridge at St. Louis, 481 
Murphy, J. W., 23 
Murphy- Whipple truss, 23 
Murphy’s formula, lllff 
Mushroom anchors, 1062 

N 

Nailing strips for plank floors, 305 
Name-plates, patcnt-]>lates, and ycar-platcs, 

1645, 1786 

Narrowness of channel, 1090 
National Paint Company’s paints, 771 
Naturi'l cement, 17, 28 
Nature, methods of, 1168, 1154 
Navicr, 14 
Navigable waters, 

bill to regulate the construction of bridges 
over, 1138, 1147 
definitions of, 1137 

reciuiremcnts of the United States Gov- 
ernment for bridging, 1137 
rules for the protection and preservation 

of, 1143, 1146 

surveys for bridging of, 1147 
Navigation influences as affecting layout, 
1216 

Navigation signals, 1707, 1708 
Neale, David, 1061 
Negotiating, 1606 

with promoters, 1606, 1607 
Nerve, 1616 
Net sections, figuring of 
pin-holes, 1688 

tension members, 295-298, 1668 
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New Westminster Bridge, 1074 
triangulation, 1463, 1464 
Now Zealand Arches, 1170 
Niagara Arch, data for, 644 
Niagara-Clifton Arch Bridge, 625 
Niagara Gorge Arch Bridge, 626 
Niagara Biver Bridge, Ilocbling*s, 23 
Nichols, S. F., 679 
Nickel steel, 28, 57, 58 

bridges, limiting weights of, 64 
brittle zone, 61 
composition, 60 
copper, 68 
costs, 61 

clastic limit, 59, 60, 91, 92 
elongation, 92 
experiments by author, 58 
eye-bars, 61, 93 

ferro-nickel for manufacturing, 68 
fitness for bridge construction, 64 
intensities of working stresses, 262, 1666, 
1666 

manganese, 61, 92 
nickel, 92 

percentage of carbon, 92 
phosphorus, 92 
platc-and-shape, 61, 93 
price. 60 

requirements for, 1771 
rivets, 61 

St. Louis Free Bridge, 91 
sulphur, 92 
ultimate strength, 92 
vanadium-carbon steel, 85 
vanadium-chromium steel, 85 
weights, 61 

working stresses, 262, 1666, 1666 
“ Nickel Steel for Bridges," 59, 61 
Nier, John W., 1062 
Nikko Bridge, Japan, 7, 8 
Noble, Alfred, .598 
Nobrac paint, 771 
Noiseless structures, 348 
Norris, George L., 82 
North River Bridge, designs for, 27 
Hodge, 660, 661 
Lindcnthal, 662 
Morison, 662 

North Thompson River Lift Bridge near 
Kamloops, B. C., 743 
Notary Public, 1667 
Notes in field, 1478 

Notice of commencement of fieldwork, 

1768 

Nozzles for water jets, 1018 
Number of borings. 1094, 1101, 1396 
Number of stringers per track, 354 
Number <of test pieces of steel, 1774 
Number of trusses per span, 483 
Nuts, 1786 


Oak, 52 
Oakum, 51 

Observance of labor laws, 1766 
Obstacles, 

encountering, 1860 
pile driving, 1018 
sinking piers, 994 

Obstacles to approval of bridge plans by War 
Department, 1141 
Obstruction of channel 
by piers, 1121 
freedom from, 1090 
Offense to landscai>e, 1161 
Office practice, 1370 
handling of, 1387 
hours for employees, 1608 
laying out work in, 1371 
organization, 1606 
Oft-repeated stresses, 2.55 
Ohio Avenue bridge, Kansas City, 1079 
Oil, TjcucoI, 770 
Oil, linseed, 767 
Old bridges, 

condemnation of, 1619 
live loads for testing, 1618, 1619 
removal of, 1749 
repairing of, 1619 
stress diagrams for, 1619 
Omission (tcmiM>rarily) of cantilever brackets, 
1073 

One-hinged arch, 624, 636 
Open-bracing for cylinder piers, 1056 
Open-deck const niction, 348, 354 
compared with ballasted deck, 347 
shallow floors, 353 

Open-dredging process, 967, 981-997 
advantages and disadvantages of, 981 
caissons, 1868 
description of, 981 
limiting depths for, 996 
maximum depth yet used, 982 
where used, 982 
Open-hearth steel, acid, 46 
Open-hearth steel, origin of, 17 
Open-spandrel arches, 940 
Oix?n-webl)ed, riveted-girder spans, 
details of design for, 1674 
truss sections, 490-491 ' 

Openings reqiiimi by War Department for 
movable spans, 1143 
Operating machinery, 1726, 1727 
drums for lift-spans, 1726 
ropes for lift-spans, 1726, 1789-1791 
ropes, supports for, 1726 
Operation of movable bridges* 
cost of, 1362 
electric, 1702-1708 
hand, 1702 

Operator's house, 1784 
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Opinion, difTercnces of, 1766 

Option on pnijcct required by bankers, 

1697 

Order-form for blue-prints, 1402 , 1403 
Orders, issuing of, 1630 
Orcgou-Wushingtoii Railroad and Naviga- 
tion Coinpaiiy’s Bridge at Port- 
land, Ore., 728. 730, 732, 733 
chord section, 495, 502 
Organization 

enaction, 1606, 1507 
office, 1606 
Origin 

American cantilever bridges, 25 
Bessemer Process, 17 
caissons, 12 
deformed bars, 2S 
dredging machines, 12 
inm railroad bridges, 16 
iron stringers, 24 
long-span American bridges, 24 
metal arches, 27 
open-heart h steel, 17 
pile cut-olT machines, 12 
pin-eonnecle<i bridges, 23 
plate-girder bridges, 23 
})ontoon bridges, 1 1 
reinforced concrete, 17 
steel bridges, 17, 27 
stress analysis, 15 
structural shapes, 17 
thciory of stresses, 13 
timber trestles, 21 
truss bridges, 12 
Whipple truss, 23 
wooden railway trestles, 27 
Ornamentation, 1162 , 1164 , 1162 , 1176 , 
1177 

by artistic approaches, 1178 
by hand-rails, 1177 
Oromocto River Lift Bridge, 743 
Oslx^rn, Frank C., 644 
Osborne, Richard, 22 
Other contractors’ work, 1766 
Outfit for borings, 1095 
Outlines of bridges, 1156 
Overdriving of piles, 1018 
Overhang of car, 148 
Overrun of angles, 430 
Overtime, 

payment, 1608, 1609 
work, 1630 

Overturning moment on shoe of column, 304 
Ownership of plans, 1628 

P 

Pacific Coast cedar, 52 

Parafic Highway Bridge at Prjrtland, Oregon, 
686. 723, 1174 , 1175 


Pacific Highway Bridge at Portland, Oregon^ 
long piles for, 1017 
Packing on pins, 527, 529-531, 1688 
clearunc;e for, 276, 529, 530 
Page and Shnablc, 716 
Page bascule, 708, 714 
Paine, Thomas, 22 
Paint and painting, 765—771, 1803 
accessibility for, 277, 493 
Ixist brands of, 769, 770 
l)est qualities of, 771 
consensus f opinion eoneerning, 767 
decoration by, 1177 
function of, 765 
Goheen, 771 
graphite, 766, 767 
guaranteeing of, 771 
inspection of, 1447 , 1448 
Johnson’s Magnetic Iron Oxide, 770 
light colors for bridge, 768 
Lowe Brothers, 771 
National Paint Company, 771 
Nobrac, 771 
red lead, 7(i7, 771 
sluHlding, 765 
Sherwin and Williams, 771 
Toeh Brothers, 771 
vehicle for, 700 
Paint-skins, 51 
Palacio, A. de, 071 
Pidladio, 12 
Palmer, 15 
Palmer, Timothy, 19 
Panel lengths, 481 
economic, 1187 
skew bridges, 484-488 
subdivided, 480, 481 

inferior span length for, 480 
unequal, 481, 493 
varying of, 48 , 493, 1068 
Paper, drawing, ((uality of, 1387 
Pai>ers, return of, 1882 
Paralwda of moments, 414 - 418, 440- 

443 

Paralxdic truss, 408, 474 
Paraixjts, ties on, 301 
Parent, 14 
Parker, C. H., 24 
Parker truss, 24, 408, 460 
Parsfins, William Barclay, 558 
Parthenon, 1163 
Partial payments, 1886 
to contractor. 1368 
PartiiU splices, 532 
Piisadcna Arch Bridge, 1164 
** Passing the dollar” in contracts, 1664 
Patenting, 1621 
royalties, 1765 
Patent-plates, 1786 
Paved floors, 1636 
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Paving, 1806 

asphalt, 370, 1809, 1817 
repairing, 1817 
leases, 368, 369 
bitulithic, 370, 1883 
brick, 370, 1886-1836 
concrete, 370 

curbs on embankments, 1837 
drainage of, 1836, 1836 
grades, 358, 370 
guarantee, 1816, 1839 
macadam, 1837 
pitch filler, 368, 1834 
plank, 365, 366 
sand filler, 368 
stone-block, 370 
wood-block, 366-368 
Payment clause in contracts, 1666 
Payriicnl^, 1878 , 1884 

partial, to contractor, 1368 
Pecos River Bridge failure, 1642 
Pedestal piles, 1011 
Pedestals, 1028 

anchorages for, 1030 
base castings for, 450 
bases, 1686 
batters for, 1028 
elevated railroads, 562 
elevation of, 278 
footings, 1028 

foundations, pressures on, 1030 
hinging of, 539 
location of, 284, 340 
position of, 1866 
(luantities for, 1300 
trestles, 542 
truss spans, 1680 
volumes, 1301 , 1311 , 1312 
Pegram, Geo. H., 477 
Pegram tniss, 468, 477 
Penalties, 1664 
Pencilling, 1394 

Penetration test for asphalt, 1818 
Pennsylvania Railroad, lift bridges for, 
Chicago RivcT, 734, 736 
Calumet River, South Chicago, 734, 
736 

Pennsylvania Steel Company, 68 
Pennsylvania tniss, 25, 469 
People, weight of, 108 
Per diem fees, 1604 

“Percentage Method of Performing Difficult 
Work," 1682 

PercHintage reports of work, 1486 
Percentages of weights of details for trusses, 

1227 , 1239-1241 

Percentages of weights of metal in swing 
• spans compared with those of 
simplo spans of same length, 

1249 


Percolation, 975 ' 

Permanency of channel, 1088 
Permanent clauses, 1742 
Permissible, 

loadings for piles, 1008, 1047 
pressures on masonry, 265 
pressures on soils, 964 
variations in weight and gauge, 1778 
working stresses, 255 
Perronet, 14 
Perry, 28 
Petinot, 93 

Petit truss, 25, 468, 469, 470 
sccondaiy stresses in, 194 
cambering of, 758 
Philbrick, 23 
Pheenix column, 24 
Phosphor bronze bushings, 337 
Piers, 1020-1057 

arch, quantities in, 1337 , 1338 , 1340 , 
1341 

arch-bridges, data for, 1339 
bases, 

elevations of tops of, 1051 
enlarging of, 971 
piles in, 1050 
braced steel, 1026 
brick, 1022, 1861 
buried, 535, 1031 
concrete, 1022 
coping of, 1024 
cylinder, 1025, 1054 

oi)eii bracing for, 1056 
telescoping of, 1026 
designing, safety in, 972 
details of, 1007 
duinl>-bell, 1023 
finding position of, 1472-1476 
founding of, on a thin crust, 970 
hollow, 1024 
impact on, 964 
lengths of, 1022 
locating, 1471 

triangulation, 1464 
masonry, 1020 

proportioning of, 1020 
mattresses, 1060 
obstruction of channel by, 1121 
pile, timber, 1057 
pivot, 1024 

platforms for construction work, 999 
pneumatic-cylinder, 1056 
position of, 1866 
protection, 1866 

mattresses for, 1028 
proportioning for artistic efTeet, 1179 
proportioning, ordinary method of, 1022 
quantities for, 1300-1310 
Red Rock Cantilever Bridge, 1022 
rip-rap for, 996 
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Piers, 

shafts, 1023, 1051 

classification of, 1020 
batters of, 1051 
methods of construction, 967 
specifications for, 1045 
steel shells for, 1025 
timber, 1026 
type, choice of, 969 
Pier-sinking record, 1479 
Pigment, 

coefficients of expansion, 765 
excluder, 765 
graphite, 766 
shedding, 765 
value of, 766 
Pile clusters, 1011 
Pile cut-ofT machine, origin of, 12 
Pile driving, 1008, 1014, 1865 
cost, 1019 

East Omaha Bridge, 1016 
obstacles in, 1018 
overdriving, 1018 
record, 1479 
through clay, 1016 
water jets, 1015, 1018 
Pile dykes and mattress work, 1866-1868 
Pile foundations, 968, 1860 
Pile heads, encasing of, 968 
Pile piers, timber, 1057 
Pile trestles, 773 

limiting heights of, 773 
panel lengths of, 774 
stringers of, 774 
Piles, 1008 

bases of piers, 1050 
battered, 1011 
bearing, 1008 
brooming of, 1018 
cast, 1012 

concrete, 1012, 1856 
creosoted, 775 
creosoting Of, 1013 
decay of, 970 
disc, 1012 

driving of. See Pile Driving, 
durability of, 1013 
dynamiting of, 1015 

eccentric loads on, Eqs. 24 and 26, page 
300 

factor of safety for, 1010 
falsework, number per bent, 1502 
formulffi, 1009 
foundations, use of, 969 
Fraser River bridges, 1017 
grouping, 1013 
inspection, 1450 
lag, 1012 

loading, 1008, 1009 

long piles driven by water jet, 1017 


Piles, 

materials for, 1011 

Pacific Highway Bridge, Portland, 
1017 

pedestal, 1011 

permissible loads on, 1008, 1047 
poured, 1013 
premouldcd, 1012 
protection of, 1014 
rejection of, 1008 

resisting horizontal pressures, 1010 
retaining walls or abutments, 1042 
screw, 1012 
sheet, 1011, 1013 
spacing, 1013 
steel, 1013 
test, 1009 
types of, 1011 
wattled, 1063 
wooden, 1855 
Pin-connected trusses, 
caml)ering of, 755, 756 
highway spans, 1683 

old type, advantages and disadvantages 
of, 748 
origin of, 23 
railway spans, 1681 
wearing of joints in, 749, 750 
Pin connections, abandoning of, 30 
Pin-holes, 1785 
half, 335 

net sections at, 1688 
Pin packing, 527, 529-531 
Pin-plates, 531, 1688 
lengths of, 284, 285 
Pine, 

long-leaf yellow, 52 
short-leaf yellow, 52 
Pinions, 1787 

rack, for swing spans, 1784 
Pins, 1688, 1779 

Ijearing, intensities for, 264, 323 
bending, intensities for, 264, 324 
bending moments on, 324, 1658 
designing of truss pins, 530, 531 
diameters, 531 

eccentricity of chord pins, 340 
effect of on secondary stresses, 200 
nickel steel, bending intensities for, 
324 

pedestal pins, location of, 284 
shear on, 264, 1668 
sizes of, 329, 334 
Pipe. 

boring, measurements of, 1103 
carrying of on movable span, 1076 
casing, 1097 
cutting of, 1100 
dynamiting of, 1098 
maintenance' of, 1768 
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Kpe; 

pulling of, 1098 
purchasing of, 1100 
Pipe-line for fire protection, 1844-1840 
Pitch, 51, 352, 366 
fiUer, 368 

Pitch-diameters for .gears, 314-321 
Pitch for gears, 337 

Pitches of rivets, plato-girdor fianges, 432- 
441 

esantilever beams, 436, 444 
component parts of flanges, 437-438 
curved flanges, 437 
inclined flanges, 433-436 
variation throughout girder, 438-441 
vertical loads, 437-438 
Pittsburg Testing Laboratory, 1412 
Pivot piers, 1024 
drainage of, 697 
quanjLitics for, 1300 

Pivots for eent(T-l)earing swing spans, 1718 
Placing concrete, 1863 , 1854 
Placing reinforcing bars, 1866 
Planing, 328 

sheared edges, 328 
Plank floors, 365, 366, 1634 
Plana, alteration of, 1782 
Plant, 

bidders’, 1878 
contracstor’s, 1788 
report on, 1488 
seizing of contractor’s, 1818 
Plaster, 51 

Plastering faces of piers, 1044 
Platc-and-shape nickel steel, 61, 93 
Plato, tin, 50 
Plate, 47, 1777 
bending of, 331 
buckled, 47 
clipckered, 374 
connecting, strength of, 284 
comigatcd, 47 
extra cost of wide, 327 
trough, 47 

Plate-girders and plate-girder bridges, 408, 
418 

advantages of, 408 

calculations, 411. See also Designing, 
camber, 329, 332, 753, 754 
cantilever, 418, 444 
cost shoes, 454 

comparison with truss spans and I-lx*nm 
spans, 408-410 

compression flanges, proportioning of, 431 
connection angles, 444, 445 
continuous girders, 418, 419, 444 
cover-plates, 
areas, 426, 420 

centres of gravity of flanges, 427 
flange sections, 422-428 


Plate-girders and plate-girder bridges, 
cover plates, 

full-length plates, need for, 428 
lengths, determination of, 440-444 
extra at ends, 440, 443, 444 
rivet heads, undesirability of, 428 
rivet pitches, 437 
weights, 426 

crimping of stiffening angles for, 1203 
curved flanges, rivet pitches in, 437 
definition, 411 

depths, limiting and economic, 419, 420 
designing and detailing. See Designing 
of plate-girders and plate-girrlcr 
bridges, also Tables and Dia- 
grams for designing, 
details of design, 1868-1871 
doubling-up of old spans, 1628 
durability, 408 

economics, 409, 410, 1184 , 1186 
end bearing, 452-460 
end details, 444-447, 464, 467 
end stiffening angles, 446 
essential elements, 411 
flanges, 

areas, 423-426, 429, 430, 432 
calculation of, 432 
centres of gravity, 424, 427 
cover-plate lengths, 440-444 
make-up of sections, 422-430 
cover-plates, 422-428 
no cover-plates, 428, 430 
rivet pitches, 432-441 
section, determination of, 433 
splices, 421 
stringers, 328 

unsupported lengths, 431 -432 
full splicing, 409 
grillages, 459 

half-through railway, economics, 410 

laterals, 392—397 

lengths of cover-plates, 440 

limiting lengths, 409 

niuxiiiium shear, 412, 418 

moment, 

figuring of, 412 418 
proportioning for, 421, 432 
moment .diagram, 414-418 
origin, 23 

paral>ola of moment, 414-418 

reactions, 412-418 

rivet connections, 445 

rivet pitch. See Pitches of rivets. 

rocker ends, 453 

rocker shoes, 454, 455 

shears, 412-418 

shipment, 409 

shoes, 452-460. See also Shoes, 
side plates, 437 
sliding bearings, 458 
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Plate-sirdcrs and plate-girder bridges, 
spacing of girders, 409 
splices in flanges, 421 
splicing of webs, 301, 420, 447-452 
stiffeners, 421, 1203, 1670 
strap plates for splicing, 449 
swing spans, details of design for, 1690, 
1691 
through, 465 

laterals for, 394 
wcb-plate, 

depths, limiting and economic, 419, 
420 

design, 419-421 
spUces, 301, 420, 447-452 
design, 450-452 
loads, 447, 450 

types, comparison of, 447-449 
weights of metal, 1221, 1222, 1260 
Plate-lattice-girdcr spans, 411 
Platforms, 1841 
around pier, 999 

locations on elevated railroads, 549 
Pneumatic caissons, 1857 
details of, 1007 
founding of, 971 
Pneumatic cylinder piers, 1056 
Pneumatic gun, 1023 
Pneumatic process, 967, 998 

distinctive features of, 998, 999 
Pockets, expansion, 377, 1685 
Pockets of caissons, 989 
Poetsch, Dr. F. H., 972 
freezing process, 972 
Pointing masonry”, 1529, 1864 
Points of contraflexurc in columns, 294 
Polygon, moment, 416, 417 
Pob^gonal top chords, 479, 480, 487, 488 
analytic method of computing stresses in 
trusses with, 159 
skew spans, 487 
Pons iEmilius, 9 
Pons Fabricjiiis, 10 
Pons Milvius, 9 
Pons Salarius, 9 
Pons Sublicius, 6 
Pont du Card Aqueduct, 10 
Ponte Mollc, 10 
Ponte Quattro-Capi, 10 
Ponte Rotto, 9 
Pontoon bridges, 674, 675 
origin of, 11 

Ponts et Chauss5es, establishment of Ecolo 
dcs, 14 

Pony trusses, 281, 468, 479, 490, 

J^K)ling, abolition of, 1535 
Pooling of competitors, 15339 1534 
Pope, Thomas, 20 
Portage viaduct, 27 

Portal bracing, 293, 402, 403, 1642, 1643 


Portal bracing,' 
connections, 506 
skew, 403, 485-488 
Portland cement, 17, 28 
Portland, Oregon, Bridge, foundations of, 
983 

Position, gradient, and alignment, 1766 
Position of caissons during sinking, 994, 1001, 
1472-1476 

Position of critical section for pure shear and 
diagonal tension in beams, 836 
Position of movable span as affecting layout, 

1211 

Position of piers, pedestals, and abutments, 

1856 

‘^Possibilities in Bridge Construction by the 
Use of High Alloy Steels,’* 70, 

78, 1284 

Post truss, 23, 468, 473 

Posts of trusses, si'ctions fur, 1675, 1681 

Posts, (vertical) end, 481 

Pot holes, 1061 

PouglikcH'psie Bridge, 568, 588, GOO 
Poured piles, 1013 
Pouring of slabs, 952 
Power, 

bascule spans, 1701 
equipment, 1702-1708 
installation for movable spans, 677 
lift spans, 1700 

movable spans, 678, 1697-1701 
swing spans, 1698-1700 
Pratt, (’aleb and Thomas W., 15, 21 
Pratt truss, 468 

stress coefficients, 171 
Preambles for contracts, 1560, 1668 
Prcf:ii)itation formula, 1118 
Precision in specifleations, 1556 
Preliminary investigations, 1088 
Preliminary surveys, IO889 1091 
Prcinouldcd piles, 1012 
Preparing and placing reinforcing bavs, 1866 
Preservation of timber, 1806 
ties, 361 
Pressures, 

abutment bases, 1030, 1031 
bases of bridge piers, 964 
masonry, pi^rmissible, 265 
masonry, unit, 1657 
pedestal foundations, 1030 
soils, 9(i4 

Prices of materials, 1354, 1355, 1359, I36O9 
1757 

Prices of metal, 1208 
Priming coat of paint, 766 
‘‘Principal Priifcssional Pai)ers," 99 
Principle (jf least work, 214 
Principles in detailing the outlines of spans 
for cesthetic design, 1176 
Principles of design, 1662-1665 
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Probability of scour, determination of, 969 
Procurable lengths, 510 
Profit-sharing with assistants, 1609 
Progress charts, 1486 
Progress, rate of, 1876 

Progress records, graphic method of making, 

1489 

Projects, 

chimerical, 1684 
classification of, 1592 
electric railway bridges, 1692 
option required by bunkers on, 1697 
pedestrian bridges, 1693 
promotion of, 1691 
rejection of by bankers, 1697 
Bi3cculativc, 1624 
steam-railway bridges, 1692 
steps in promotion of, 1693, 1594 
wagon bridges, 1698 
Promises of stock, 1600 
Promoters, 1591 

negotiating with, 1606, 1607 
Promoting by engineers, 1698, 1699 
Promotion, 

bridge projects, 1691 
fees. 1607 

iKMJCSsity for secrecy in, 1699 
steps to Ixs taken in, 1693, 1694 
Property (‘onsiderations us alTecting layout, 

1213 

Proportion of parts, 1160 
Proportioning, 

eoin]>ression memlKjrs, 492 
flanges of plate-girders, 421-432 
piers, 1022 

Proportions for concrete, 1862 
Proposal, form of, 1880 
Protectam, 
banks, 1866 

East Omaha Bridge, 1063 
curbs, 374 

draw bridges, 779-782 
oiiiission of, 779 
failing masonry, 1629 
metalwork, 34S, 705-778 
piers, 1000, 1866 
piers for through spans, 364 
piles, 1014 

Prosfiectus, how to write a, 1696 
I’rospectus, requisites for, 1694, 1696 
Pryor, .1. II., 1031 

Public office, holding by engineers, 1631 

Puddled clay for borings, 1098 

Puddle wall, 974 

Pull-back draw, 666, 607 

Pulling pipe, 1098 

Pulsometcrs, 979 

Pumping out of caissons and cofferdams, 978, 

905 

Pumps for cofferdams, 979 


Punches and dies, sizes of, 1422 
Punches, multiple, 328 
Punching, 1482, 1782 
Purchases for office, 1389 
Purchasing of pipe, 1100 
Purified steel, 72 
excess cost of, 73 
possibilities of, 76 
weights of bridges of, 73 
Puyallup Hiver Bridge, I'acoma, 734, 735 

Q 

(juantitu\s for cf>iicrote construction, 1300- 
1347 

abutments, 1316-1317, 1241 
pedestals, 1311-1313 
piers, 

copings, 1301 
shafts, 

batter to I'-O", 1308-1304 
batter Ji'' t«> 1-0", 1306-1307 
batter 1" to I'-O", 1308-1310 
vertical sides, 1301 
reinforced-concrcto bridges, 
arch bridges, 

abutments, 1337-1343 
arch barrels, 1333 
arch ribs, 1332 
piers, 1337-1343 

spandrel girders and columns, 1329 
spandrel walls, 1331 
floor systems, 1321, 1322 
girdetr bridges, 

columns, 1326, 1327 
footings, 1328 
girders, 1323 

retaining walls, plain and reinforced, 1318, 
1319 

Quantiti(*s of materials, 1871-1874 
Quarry dust, 53 

Qucl)Oc Bridge. 25. 31, 38. 59, 194, 478, 500, 
593. 605, 1167 
arch design fur, 622 
cantilever, 500 
failuro, 259, 1646-1647 

Queen’s Ferry, Scotland, Bridge (Firth of 
Fortli), 668 


R 

Harks, 337 

swing spans, 1716, 1716 
pinions, 1724 
lladial truss, 468 
lladii of gyration, 604 
Rail beds, 334 
Railings, 

gas-pipe, 383 
steel, 1786 
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Rails, 

anti-creeping devices for, 357 
bonding of, 356, 1842 
breaking of at ends of movable bridges, 
356 

connections of, 1805 
elcctric-steel, 77 
expansion joints, 356 

details on Beaver Bridge, 357 
gap bars for, 356 
grooves, drainage of, 373 
guard, 356, 363 
inspection of, 1440 - 1442, 1447 
insulation of, 356 
laying of, 1842 
lengths of, 356 
lifts for swing spans. 696 
locks, 1723 

running-plates for, 353 
sizes of, 356, 370 
splices, 356 
superelevation, 355 
supports in timber floors, 369 
switch points for creeping of, 357 
timber floors, 369-370 
weights of, 95 
Railway bridges, 
arch ribs, 642 
clearances, 483, 484, 1638 
deck, 1842 

Designing, Some Disputed Points in, 
120, 161, 282 

floors, 1633 . See also Floors, 
lateral bracing for, 397 
deck trusses, 40.3 
live loads, 1646 
loads, 1646-1664 
main meiiilicrs of tnisses, 1641 
number of trusses, 483-484 
plate-girder spans, 460-467, 1668 , 1671 
moments, shears, and reactions, 412, 
415 

pin-connected, 1681 
riveted-tniss spans, 1676 
styles of, 1640 
trestles, 1643 

details for, 1683, 1684 
wooden, origin of, 27 
trusses, forms of, 1640 
wind loads for, 1661 
Railway gauge, 355 

Railway profiles, estimates baser] on, 1361 
Railways, elevated, 548r-567, 1686 
Rainfall and run-ofTs for portions of the 
United States, 1116 , 1116 
Rail type of bascule, 702- 701, 714 
vertical lift bridge, 743 
Ram for bfiring outfit, 1101 
Rankinc, 15 

Rankine’s formula, 257, 1032 


Ransome, 28 

Rapid transit on elevated railroads, 648 

Rate of progress, 1876 

Rates, cutting of, 1605 

Rates of wages, 1766 

Rattler test for brick, 1826-1881 

Ray, G. J., 362, 1170 

Reactions for balanced loads on rim-bearing 
swing spans, 690 

Reactions for centre-bearing swing spans, 691 
Reactions for plate-girder spans, 412, 414, 
416 

Reaming, 327, 338, 1200 , 1782 
assembled trusses, 1434 
connections, 1783 
necessity for, 46 
templets, 328, 334 

Reciprocal deflection. Maxwell’s law of, 237, 
246 

Reconstruction of existing bridges, 1622 
planning of, 1628 
substructure, 1629 
Records, 

blue-prints, 1403, 1404 
drawings, 1396, 1408 
field, 1476-1486 
daily, 1476 
final quantities, 1486 
materials, 1477 
pier sinking, 1479 
pile driving, 1479 
shop drawings, 1401 

Rectangular beams and columns under 
flexure and direct stress 792, 
793, 820-833 

Rectangular beams, reinforced concrete, 
795-799 

moments of inertia of, 840 
reinforced for compression, 799 
varying depth, 815 
Rectangular footings, stresses in, 860 
Rectangular slabs reinforced in two direc- 
tions, stresses in, 851 
Rectangular troughs, 349 
Red lead paint, 767, 771 
Red Rock Cantilever Bridge, 598 
piers, 1022 

Reduction of live load, 344 
Reduction of secondary stresses, 201 
Redundant liending strength, 213 
Redundant meml>ers and reactions 213, 271 
Reeves, David, 24 
Refinement, degree of, 1377 
Refuge bays, 361 
Regularity in attendance, 1608 
Reichmann, Albert F., 327, 330 
Reinforced concrete and roiiiforced-concrete 
bridges, 783 
mstheticB in, 943 

American practice, evolution of, 28 
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Reinforced concrete and reinforced-concrcto 
bridges, 

arches, 

abutment, 

design, 041, 942, 944 
quantity data, 1337-1437 
stresses. 911, 912, 915, 916 
abutment piers, 942 
approximate methods of calculatidn, 
piers and abutments, 911-915 
ribs. 868-880 

arch shortening, 864, 871, 881, 882, 
956 

Imnding of ribs, 944 
calculation of stresses, 

abutments and piers, 911-918 
ribs, 862-910 

centre line, determination of, 863 
coiitraflexure, point of, for arch short- 
ening and temperature stresses, 
870, 881 

cross struts for ribs, 944 
defects in, 1164 
deOcction of, 842 

designing, 940-944. See also Calcula- 
tion. 

elliptical ribs for, 872 
equation for thickneaH of rib, 867 
exact methods of calculation, 
abutments and piers, 915-918 
ribs, 880-910 

fixed ended ribs, stresses in, 862-910 

floor system for, 943 

hinging of, 941 

open-spandrel arches, 940 

piers, 

design, 941-944 
(juantity data, 1337-1347 
steel in, 1344 
stresses, 911-918 

point of contraOexurc for arch short- 
ening and temperature stresses, 
870, 881 

quantities in, 1330-1334 
reinforcement of, 943 
solid-barrel construction, 943 
solid-spandrel, 940 
substructure for, 941 
temperature effects in, 864, 871, 
882 

bars. See Reinforcing bars, 
beams and slabs, 
deflection of, 842 

diagrams for designing. See Dia- 
grams for Designing, 
intensities for, 1667 
varying depth, 836 
tpsting of, 836 

bents for steel trestles, economics of, 

1106 
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Reinforced concrete and rcinforecd-concreto 
bridges, 
bond, 833 
caissons, 986 
camber, 753 

cantilever beams and cross-girders, 922- 
924 

centrifugal loads, 956 
classification of, 953 
cofferdams, 977 
column footings, 

calculation of stresses in, 857-861 
designing of, 938 

quantities of materials in, 1386 , 1388 
columns, 

designing of, 936-938 
quantities of materials in, 1386-1387 
stresses from continuity, 850, 851 
unsupporte<l lengths of, 960 
concentrated loads, distribution over 
slabs, 852-857 
construction joints, 950 
construction work, 946-953 
continuous beams, moment coefficients 
for, 845 

stresses in, 842-851 
cost of materials for, 1369 , 1360 
cribs, 974 

critical sctclion for pure shear and <li- 
agoiial tension in lx»ams of, 836 
designing. See Diagrams for Designing 
and Quantities, 
arch spans and piers, 940-941 
cantilever beams and cross-girders, 
922 

column footings, 938 
columns, 93G-938 
fundamental assumptions, 959 
main girders, 924 
slabs, 918-922 
specifications for, 953-963 
wall footings, 939 
diagonal tension, 833-836 

critical sections, 836-839, 961, 962 
distribution of concentrated loads over 
slabs, 852-857 
drawings, 1388 

economic comparison of arches and 
girders, 1806 

economic comparison with steel bridges, 

1806 

economics of, 1189 
edge distance of bars, minimum, 962 
effective lengths, 960 
effects of changes of temperature, 957 
expansion plates, 
main girders, 937 
slabs, 921 
falsework, 946 
field work, 946-953 
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R(‘iiiforcod concrete and rcinforcod-concTcto 
bridffos, 

floor systems. ,Sec also Floors, 
design, 918-924, 943 
economics of, 1206 
quantities, 1321, 1322 
footings, column, 
design, 9.3S, 939 
stresses in, 8.57-861 
footings, wall, 

design, 939, 9 U) 
stresses in, 861, 862 
forms, 947, 949 

formuke and diagrams for designing 
beams and slabs, 791-836. *Src 
also Diagrams for Designing, 
fundamental assumptions in designing, 
783 

girder bridges, depths of girders and foot- 
ings in, 1324 

girders, main, designing of, 924-938 

girders, (luantitics of materials in, 1323 

hanrlrails, 945 

highway, 1636, 1637 

histor 3 ', 783 

impact, 955 

intensities of working stresses, 264, 957- 
959 

loads, 954-9.57 
manner of loading, 838, 839 
iiiinimuni spacing of reinforcing burs, 
962 

minimum thicknesses, 962 
moments of inertia of In^anis, columns, 
and arch ril)s in, 839 S42 
monolithic structures, stres.s(;s in, 812 
notation, 78.5 
origin of, 28 

piers of arch spans. .Vrclies. 
piles, 1191 

principles for designing, 270, 280 
quantities. aSch Quantities for Concrete 
C'oiisl ruction, 
rectangular beams, 

diagrams and formula; for designing, 
791-8.36. ^ee also Diagrams for 
Designing. 

moments of inertia, 8.39-842 
reinff)rcenient, 950, 951. A'ce alsj> Hein- 
forcing bars. 

retaining walls. tSce Retaining walls, 
shear and diagonal tension, 8:13 836 
critical sections, 836 -.839, 961, 902 
reinforcement, 833 
slabs, 918-922 

distribution of concentrated loads 
over, 852-857 

reinforcement in two directions, 851, 
852 

specifications for design, 95.3-963 


Reinforced concrete* and rcinforccd-concrete 
bridges, 

stressc's in continuous girders, 850 
monolithic structures, 842 
surface finish, 9.5.3 
T-beams, 806, 836, 961 
moments of inertia, 841 
tcmi)eraturo cfTccts, 212 
tcmpc*raturo stresses, 870-872 
trestles, 5.36 

ceotiomi:* sp.an lengths, 1327 
economics of, 1191 
wall footings, 

design, 9.39, 940 
.stresses in, 861, 802 
web reinforcement, 8.33, 962 
wind loads, 9.56 
working strosst's, 957-9.59 
“Reinforced C^oncreto Construction,” by 
Hool. 863 

Reinforcing bars, 48, 1779 
areas, 799 
bends, 963 
cost, 1369, 1360 
preparing and placing, 1866 
splices and development, 96.3 
wc'ights, 799 
Rejection f>f bids, 1882 
Rejection of project by bankers, 1697 
Relation of the bridge engineer to his pro- 
fessional brethren, 1626 
Reli.'ibility of lx)ring evidence, 1099 
Remodeling of substructure, 1749 
Remorleling of superstructure, 1761 
Remoteness fn)m sli:irp bends, 1090 
Removable colTcrdanis, 990 
Removal, 

debris, 1769 

forms from concrete, 952 
old structure, 1749 
Renewals, 1608 

bridges, dcscrix>tion of various, 1612, 
1613 

cost of, 1362 

erection alongside of old bridge, 1610, 
1611 

gallows frames, 1612 
maintaining traffic during, 1629 
substructure, 1609, 1629 
truss mcmlKirs, 1629 
w(K)dcn bridges, 775 
Repairing, 

asphalt p.avcmcnt, 1817 
bridges, 1619, 1622 
economics of, 1626 
Ffirt TiCaveiiworth Bridge, 1631 
Little Rock Junction Bridge, 1630 
Reports, 1672 

attributes of, 1673 

bridge engineering, kinds of, 1672 
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Reports. 

contents of proper. 1573 
design. 1674 

engineer's work (another). 1627 
examples of, 1674-1681 
field, 1476, 1486-1488 
borings. 1107 

report sho(*t for, 1108 
cement, 1487 
daily, 1485 
plant, 1488 
special, 1488 
weekly, 1486 
inti^grity in. 1673 
sequence in, 1673 
stnieturcs, existing, 1573, 1674 
stnietures, projected, 1674 
style of, 1572, 1573 
valuation and earning capacity, 1574 
Rcciuireinents for carbon steel, 1770 
Ileciuircments for nickel st(‘<»l, 1771 
llcciuircmeiits of the Unit.e<l States Govern- 
ment for bridging navigable 
waters, 1137 

Re-railing apparatus, 1637 
Re-railing frogs, 304 
Resal, Jean, 1071 
Resident engineer, 

field e(iuii)nient, 1488, 1489 
field office, 1768 
fuiKitions, 1466 
necessity for, 1466 
responsibility, 1489 
Resistances. 1704 
Responsi bilit ies : 
accidents, 1765 
assuming, 1616 

bridge engineer, classification of. 1611 
dodging, 1616 
errors, 1612, 16i4 
financial, 1612 
legal, 1611, 1612 
moral, 1612, 1613 
resident engineer, 1489 
Rest ))iers, 779 
Retaining eini>loyccs, 1609 
Retaining walls, 535, 1031 -*1013 
cantilever type, 1035-1037 
counterforted type, 1037-1012 
design of base, 1038-1010 
loads on base slabs, 1039 
expansion joints, 1037, 1042 
piles for, 1042 
quantities, 1300, 1317, 1318 
rcinforccd-concrete, 1035-1042 
reinforcing of counterforts, 1040-1042 
wall footings, 801, 802, 939, 940 
design, 939 , 940 
quantities, 1042 
stresses, 801, 802 


Retempering of mortar, 1044 ' 

Retreats, safety. 542 
Return of papers. 1882 
Returning of shop drawings, 1399 
Revenue, estimating of, 1362, 1363 
Reversal of stresses, 253 
Reverse curves, 133, 1212 
Reversing stresses, 1667 
intensity for, 205 
Revetment for shore, 1058 
concrete, 1002 

Rcfvisions in calculations, 1390, 1391 
Reynders, J. V. W., 0f)-71 
Ril)S, arch, 

determination of centre line, 803 
quantities, 1330-1334 
Richards, Dr. J. VV., 90, 91 
Rider, Nathaniel, 22 
Right-angled crossings, 1090 
Right-line formula, 15 
Righting of caisstm, 997 

East Omaha Bridge piers, 1073 
Rigidity, 749 

importance of, 209 

Rim-bearing swings, tracks, rack, rollers, and 
centre-casting for, 1713 
Rio Grande Bridge, (kista Rica. 632 
Ril)-rap, objections to, 1212 
Ril>-rapping, 970 
piers, 990 

Risk, ef>ntra(d.or's, 1766 
River lH»ds, scouring of, 1120 
River cf>ndifions, 1764 
Riveted bridges, old tyiio, 
advantages, 748 
disadvantages, 747 
Riveted connections, 
laterals, 399 
platc'-girders, 445 
Riveted-girder s]>ans, 1674 
Riveted tension memlx?rs, net sections of, 
295-298 

Riveted truss bridges, 31 
advantages, 748, 749 
details of design, 1676 
highway, 1680 
limiting lengths, 749 

Riveted versus pin-connected trusses, 31, 
747 

Rivets and riveting, 1666, 1666, 1781 
arrangement of sections for, 493 
l)earing, 310 

bearing values, tsibles of, 325 
diagrams, 519, 520 
direct tension, 276 
chrome-vanadium steel, 84 
eccentric loads on groups of, 298-301 
field, 276, 1782 
grips, 333 

heads in cover-plates, 428 
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Rivets and riveting^ 
high alloy steels, 84 
holes, 1781 

number to be deducted, 512 
intensities, 264 
laying out, 298 
lining-up, 328 
long, 31 
loose, 1433 

detection, 1617 
moments on, 298 
nickel steel, 61 

pitches in plate-girder flanges, 432- 
441 

cantilever beams, 436, 444 
component parts, 437, 438 
curved flanges, 437 
inclined flanges, 433-436 
variation throughout girder, 438- 
441 

vertical loads, 437-438 
spacing, 332 
splices, 511 
shearing, 310 

shearing values, table of, 325 
special points about, 1423 
testing, 1432 
unnecessary, 503 
Road roller, 108 
weights, 118 
Roadway lights, 1797 
Roadways, 

crowning, 372, 373 
drainage, 373, 1836, 1836 
Robinson, A. F., 347, 349, 1067 
Robinson, Professor S. W., 124 

formula for the eifect of vibration, 
124 

Rock dams, 973 

Rock Island Bridge draw span, sprocket 
chain gearing for, 1067 
Rocker bearings, sliding, 459 
Rocker pnds for plate-girder spans, 453 
Rocker shoes, 545 

plate-girders, 454, 455 
RfMis, adjustable, 388 
Rods, reinforcing. See Reinforcing bars. 
Rocbling, John A., 21, 23 
Rolled carbon steel, 45 
Rolled I-beam bridges, 408 
designing, 460 
details of design, 1667, 1668 
economics, 410 

Roller bearings for swings, 1717 
Roller bearing type of l)asoulc, 701 
Roller nests for swing spans, 696 
RoUers, 455-458, 1786 
bases, 457, 458 
dust guards, 456 
eipansion, for truss spans, 1679 


Rollers,' 

plate-girder spans, 455-458, 1671f 1678 
round, 456 

segmental 337, 455, 456 
swing-spans, 1714, 1716 
Rolling brick paving, 1832 
Rolling lift type of bascule, 701 
erection, 335 
Roman, 

arch sewers, 10 
bridges, 6, 10 
cements, 55 
masonry arches, 9 
substructure, 12 
Roof of working chamber, 1048 
Rope. See also Tables for Designing, 
dressing, 1791 
operating, 1726 
sockets, 312, 313, 1719, 1789 
BupiK>rts, 1726 

wire, 49. See also Tables for Designing, 
swing spans, 1718 
tables, 310, 311 
Roper, Oscar, 717 
Roscndalo cement, 55 
RostofT (Russia) , Lift Bridge, 740, 742 
Rotating cantilever draws, 665, 666 
Rotating draws, 1686, 1687 
Rouen Bridge, 673 

Round bars, weights and areas of, 799 
Round-ended girders, 333 
Round rollers, 456 
Routing of freight, 1764 
Royalties, 1766 

Riihrort (Germany) Bridge, 598 
Running-plates for rails, 353 
Run-off, 

author’s recommendation concerning, 

1136 

s^rerage, for the United States, 1117 
formula), divergence of results of, 1110 
methods of figuring, 1118, 1119 
rcconls, 1116 

various portions of the United States, 

1116, 1116 

Runways, 1769, 1841 
Rust joints, 688 
Rusting, 1617 
bridges, 1622 
steel, 765 

s 

St. Charles (Missouri), Bridge failure, 1641 
Stb John & Quebec Ry. Vertical Lift Bridge, 
743, 745 

St. Louis Free Bridge, 91 
nickel steel for, 91 
Safety in pier designing^ 972 
Safety retreats, 542 
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Sags in grade, 1091 
Sags in track, 1212 
Saint-Venant, 14 

Salem, Falls City, and Western Ry. lift 
Bridge at Salem, Ore., 737, 741 
Salesmanship, 1691, 1992 
Salt in concrete, effect of, 1044 
Samples of asphalt paving, ISU, 1818, 
1822, 1823 

Sand, 

asphalt pavement, 1811 
concrete, 54 
specifications, 1861 
washing, 1044 

Sand-bars, making borings on, 1106 
Sand blast, 768 
Sand cushion, 368 
Sand filler, .368 

Sand Point (Idaho), Lift Bridge, 724 
San Francisco Bay, proposed cantilever 
bridge, 608-610, 614, 616 
Scaffolding for borings, 1104 
Scale or proportion of parts, 1160 
Scales for drawings, 1380 
Schedule prices, 1886 
Schedules of charges, 1602-1604 
Scherzer Rolling Lift bascules, 701-703, 714, 
716 

Schneider, C. C., 30, 120, 608, 642, 679, 
683, 686, 687, 1412 
formula for impact, 120 
Schuylkill River Bridge, Philadelphia, 
21 

Schwedler truss, 468, 476 
Sciotoville Bridge over the Ohio River, 25, 
26, 31, 471, 482 
Scope of contract, 1869, 1870 
Scouring, 995, 1128 

determination of probability of, 969 
river beds, 1120 
Scows for borings, 1097, 1104 
Screens, 342 

bridge floors, 386 
Screw, 1730 
piles, 1012 
spikes, 362, 363 
Sea worms, effect of, 780 
Seals, 1886 

Seaman, Henry B., 127 
Seats for shoes, 459 
Second-class masonry, 1863 
Second coat of paint, 766 
Second Narrows Bridge, at Vancouver, B. C., 
343, 1078 

Secondary stresses, 178-210, 217-226 
avoidance of, 200 
cantilevering, effect of, 202 
clmsification of, 179 
correction of, 203, 1784 
history o(, 16 


Secondary stresses, 

K-system of trussing, 194 
Petit trusses, 194 
pins, effect of on, 200 
reduction of, 201 

short method of computation for, 181, 
185 

Secrecy, 1629 

promotion, 1699 
Sections, 

arches, 618 
metal, 47 

net, riveted tension members, 295-298 
truss mcml)ers, 489-503, 526-530 
unusual, 48 

Securities, guaranteeing of, 1699 
Seepage, 975, 1059 

injury to metal by, 769 
Segmental rollers, 337, 455, 456 
Selection of layout, 1088 
Scdection of type of cofferdam, 980 
Seltzer, H. K., 1463, 1613 
Semaphore lights, 1800 
Semi-eantilevering, 574, 575, 577 
camber for, 759 
method of erection, 1074 
se(‘ondary stresses due to, 202 
Semi-circular stone arches, 10 
Sense of fitness, inherent, 268 
Service lights and n>adway lights, 1797 
Service of bridge engineer, value of, 37 
Settlement by court, 1617 
Sewers, maintenance of, 1762 
Sewickley Bridge, 596 
Seymour, Silas, 27 

Shafts and shafting, steel, 1728, 1779 
cold-rolled, 337 
forged, 337 
tower-sheaves, 1721, 

Shafts of piers and pedestiUs, 
batters of, 1051 
designing of, 1024 
piers, 1020, 1023, 1051 
rcinforced-concrete bridges, 954 
Shallow floors, 349, 353, 493 
Shallow foundations, allowable pressures on, 
966 

Shapes, structural, origin of, 17 
Shear, 

intensities for, 257 
lacing, 290 
maximum, 

criterion for, 162, 164 
plate-girders, 412, 418 
pins, 264, 1668 
plate-girders, 412-416 
rciuforccd-concreto beams and slabs, 
1667 

rivets, tables of, 325 
timber beams, 302 
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Shear and diagonal tension in reinforced 
concrete, 961 

Shear, bond, and web reinforcement, 833 
Shear-pole draw bridRC, 665 
Sheared edges, 339, 1780 
planing of, 328 
Sheathing, 10-18 
Sheave, 

deflecting, 1726 
hoods, 1722 
tower, 1720 , 1721 
bearings, 1722 , 1789 
shafts. 1721 
Shedding pigment, 765 
Sheet piling, 974, 1011, 1013 
steel, 977 

Slielf angles on floor-beams, 377 
Slid ter houses, 1840 , 1841 
Shelves, erection, 330 
Sherwin and Williams paints, 771 
Shifting of channel as affecting layout, 
1216 

Shiinining of tics, 360 
Shims, 1731 
Shingling, 51 S 
Shipping, 1766 

boring tools, 1105 
plate-girder spans, 409 
Ships, loading metal on, 1766 
Shock of falling span, 1077 
Shoes, 452-4(H), 532. 533, 1680 
eccentric loads on, 304 -309 
plate-girder spans, 452-460 
adjustment, 459, 460 
fox-bolts, 453, 454, 457 
grillages, 459 
grouting, 159, 460 
masonry jdates, 453 
roller and rocker shoes, 455-458 
size of base recpiired, 457 
sliding .tiearings, plain, 454, 458 
sliding locker shoes, 454, 459 
types of bearings, 453 
tniss spans, 532, 533, 1680 
Shogun’s Bridge at Nikko, Japan, 7, 8 
Shop drawings, 

checking, 1385 , 1396 , 1398, 1402 
filing, 1402 , 1411 
record. 1401, 1409 
returning, 1399 
Shopwork, 327 

affecting bridge design, 326 
inspection, 1422 

Shore protection and mattress work, 1058, 

1866 

Short-leaf yellow pine, 53 
Shortening of arches, 864 
Shortening of stringers, 209 
Shrinkage of timlier, 772 
Shrubbery, 1155 


Shiink, Major F. R., 947 ■ 

Side friction on caissons, 964, 967, 996 
Side plates, 328, 329 
plate-girders, 437 
truss members, 495 
Side-tracks, 1753 
Sidewalks, 372 
<;onerete, 1836 
drainage, 372 
flcMiring, 372, 1836 
Siemens-Martin process, 17 
Signals, 

bells. 1802 

bridge traffic, 1707, 1708 
lights, 1800 
navigation, 1707, 1708 
vessel, 1801 

Signatures, witnesses to, 1886 
Silicon, steel, 28, SK, 1265 
economics of, 89 
excess «*ost of, SS 
Simi>le truss bridges, 408 
cam1)cring *)f, 754, 755 
converted into a cantilever structure, 
1079 

longest, 25 
Mayari steel, 71 
Simplicity, 207 
Single-angle connections, 203 
Single-concentration method, 170 
Single-intersection triangular truss, 408, 470, 
171 

Sink-fascin(»s, 1001 
Sinking c.'iissons, 009 
bed-rock, 1020 
l>ouldcrs, 992 
clay, 993, t)95 
cost of, 982 

limiting amount of per da^', 982 
record of, 1479 

Sinking piles by water jets, 1015 
Sioux (Mty Bridge trianguiution, 1463 
Siren, electric, 1801 
Skew bridges, 271, 333, 334 

arrangement of paiads and trusses, 484- 
488 

number of trusses in, 484 
polygonal top chords, 487 
r>ortals, 403, 485 

sriuaring ends of in floor system, 354 
Skew crossings, 1212 
Skid girders, 533 
Skiff for lM)rings, 1106 
Skinner. F. W., 454, 455 
Skinning stnicturcs, 29 
Slabs. 

coiiceutratcd loads, distribution ovct, 
852-857 

couutcrfortcd retaining walls, load's on, 
1039 
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Slabs, 

designins of, 918 
pouring of, 952 

reinforced in two directions, stresses in, 
851-852 

Slater, W. A., 852, 857 

Sleeve nuts, staggering of, 88G 

Slettum, E. A., 792, 848, 8G5 

Slide rule, 1376 

Sliding banks, 1074 

Sliding l^carings for plate-girders, 458 

Sliding friction, 1032 

Sliding joints in trestles, 539 

Sliding rocker lioarings, 459 

Sloi )0 of stream, 1120 

Smith, Allxirt Henry, 679 

Smith, C. E., 1643 

Smith, C. Shaler, 25, 27, 29, 608, 1072 

Smith, Latroljc & (k>., 27 

Smith, T. A., 296 

Smith, W. M., 941 

Smoke i)rotection, 1662, 1841 

Sockets, roiM?, 312, 313, 1719, 1789 

Soft steel, 45 

Soils. 

chsiractoristics of, 1010 
comiiacting of, 1008 
cciuilibriuni of, 1010 
permissible pressures on, 964 
Soldiering on work, 1683 
S(jldicrs marching, eiTect of, 117 
Sole plates, iKiveled, 1067 
Sf)lcnoid brak(!s, 1703, 1797 
Soliciting work, 1606 
Solid, 

barrel arch ribs, 943 
de<*k floors. Hcv Floors, 
drilling, 334 
rib an-hes, 63(i 
spandrel arches, 9 10 
webs, 331 
Solitary l)eiits, 211 
Soundings, 1147 

Sources of supply for materials, 1766 
Southern Pacific Lift Prhlge, 728, 731 
South lltiLsted Street Lift llridgc, Chicago, 
718-720 

S])acing, 

columns, econoniics of, 1194 
count^^rforts, 1042 
girders, 409, 1637 
reinforcing bars, minimum, 9G2 
stringers, etc., 1637 
tics, 3G0 

towers, 541, 542, 1644 
trac'ks, 3o5, 1639 
trusses, 483, 1638 

Spun lengths, determination of, 1371 
Spun lengths, economic, 1187 
Span-locks and buffers, 1724 


Span renewal by barges, 1610 , 

Spandrel, 

girders and columns, quantities for, 
1329 

walls, quantities in, 1330, 1331 
Spandrel-braced arches, 636 
Special material, 332 
S{)ec‘ial rejM^rts, 1488 
Si>ecialists, 41 
SiM^eialization, 36 
Specialty of bridge engineering, 36 
Specific clauses in speciheations, 1660, 
1661 

Specihe gravity test for asplnUt, 1821 
Spcfahcations for design and construction, 
asphalt, 1809 

})ridges and subways, by Seaman, 127 
manufacture and erection, 1741-1891 
piers, abutments, and retaining walls, 
design, 1045-1057 

rcinforced-eoncroto bridges, design, 95;i- 
963 

steel siiiM^rstnictures, design, 1632-1740 
Si)e(‘i6cations in general, 1648 
adherciieo to in bidding, 1869 
eommon sense in interpreting, 1666 
contracts, dividing lino with, 1667 
dcGnitioii, 1648 
designing, 1666 
favoritism, avoidance of, 1664 
tiling of, 1386 
first printed, 29 
function of, true, 1661, 1662 
general elausos of, 1648, 1649, 1660 
importance of, 1649 
language in, 1663 

muiiufacture and construction, 1666 
iiece.ssity of, 1660 
objects of, 1648 
precision in, 1666 
Kilicnt features of good, 1662 
specific clauses of, 1660, 1661 
spirit of ttie, 1767 
without plans, 1661 
writing, foundation of. 1649 
writing, teaching of, 1649 
Specimens for testing, 1773 
Speed of train, 133 
critical, 124, 12G 
Spikes, 3t)2, 3(i3, 1050 
Spilsbury, E. Gybbon, GG2 
Spiral, 355 

Spiral api>roaeh to Havana Harbor Bridge, 

1076, 1167 

Spirit of the specifications, 1767 
Splices, 507-512, 517, 518 
columns, 338 
compression chords, 292 
development of reinforcing bars, 9G3 
flanges of plate-girders, 421 
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Splices, 

location of, 508, 510 
panel points, 517 
partial, 532 
plate-girders, 
field, 409 
flanges, 421 
web, 420, 447-452 
design, 450-452 
loads, 447, 450 
types, 447—449 

plates, bending stresses in, 448 
rail, 35G 

rivet-spacing in, 511 
timber, 772 
truss, 

analysis of, 507 

bottom chord splice, O.-W. U.lt. & N. 

Co*s bridge, 517 
butt. 508, 510-512 
compression, 518 
lap, 508, 510-517 

design of tension lap splice, 512- 
517 

location, 508-510 
number, 508-510 
field. 508-509 
shop, 509 
panel points, 517 
plates, arrangement of, 511 
rivets, 511 

arrangements, 511, 512 
compression, 511 
tension, 511-512 
net section, 511 
table of holes out, 511, 512 

types, 508 

webs of plate-girders, 420, 447-452 
Spread, 

footings, 1028 
spans, 1074 
tracks, 537 

Springs, encountering of, 979 
Spur dykes, 1058 
Squad lx)sscs, 1391-1393 
Squad work, 1391-1393 
Square bars, weights of, 799 
Squarc-c!olumn footings, 838 
Square-ended girders, 333 
Square ends, 331 

Squaring ends of skewed structures, 354 
Stadia, use of, for hydrographic surveys, 

1147 

Staging, 1769 

pier location, 1471 
Stairways, 1734, 1841 
Standard, 

dimensions, 332 
gauge, 355 

sections, economics in using, 1801 


Standard, 
sheets, 1396 
widths for bridges, 332 
Star struts, 279 
Starting work, 1884 
State bridge engineers, 1636 
State Highway Commissions, 30 
Statham, H. Heathcotc, 1163 
Stations of elevated railroads, 549 
Status of bridge engineering, 1601, 1608 
highway bridge building, 1638 
Stay plates, 274, 285, 493, 505 
Steam hammer, 1015 
Steel, 

acid open-hearth, 46 
alloy, 28. 57 

maximum strength of, 58 
aluminum, 82 

arch piers and abutments, 1344 
arches, cambering of, 760 
bending tests, 1774 
Bessemer, 46 
bridges, 
life of. 37 
origin of, 17, 27 
cables, weights of, 96 
caissons, 990 
carbon, 45 

content in, 46 
requirements for, 1770 
castings, 48, 1777 
annealing, 338 
chrome, 58 
chrome-nickel, 58 
corrosion in salt water, 986 
drifting tests, 1776 
erection, 1848 
error, limits of, 1784 
finish of, 1776 
fracture of. 1776 
hand-rails, 1786 
Hay, 57 
high, 45 

intensities for, 257 
manganese, 57 

Mayarf, 68. See also Mayarl steel, 
medium, 45 
nickel, 28, 57, 58 
brittle zone, 61 
composition, 60 
clastic limit, 59, 60, 91 
experiments by author, 58 
eye-bars, 61, 93 
manganese, 61 
plate-and-shape, 61, 93 
price, 60 

requirements, 1771 
rivets, 61 
weights, 61 

number of test pieces, 1779 
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Steel, 

open-hearth, ori^n, 17 
piles, 1013 
purified, 72 

excess cost of, 73 

rails, inspection of, 1440-14C2, 1447 
‘reinforcing, cost of, 1359, 1360 
rusting, 765 
sheet piling, 977 
shells for piers, 1025 

maintaining form of, 1859 
8ili(;on, 28, 88, 265 
soft, 45 

stringers for highway floors, 365 
superstructures, spcciOrations for de- 
signing, 1632 
tapes, 1786 

triangulation with, 1456 
testing, methods of, 1772 
ties, 363, 370 
trestles, 536 

lieights of, 542 
vanadiiim-carhon, 89 
weight of, 96 

w<nghts of, in superstructures, 1219 
w'orking stresses for, 1655, 1756 
Steinman, Dr. D. B., 655, 656, 659, 1207 
Stcuiographicf work, 1388 
Stephenson, Robert, 17, 23 
SteiilK'iivillo Bridge, Ohio, 24 
iStewart, L. S., 1513 
StifTeners, 

crimping of, 328, 421, 1203 
end, 444-147, 464, 4(i7, 1670 
I-beam spans, 301 
intermediate, 421, 430, 1670 
tight fit for, 331, 339, 421 
StifTcning of long struts, 390 
StiiTcning trusses of suspension bridges, 
alloy steel in, 655 
ambiguity in, 659 
economic depths of, 655 
intermediate hinges in, 655 
spacaiig of, 656 
W'cights of, 650-653 
Stock, 

amount of, 1598 
bonus, 1607 
proinisi^s, 1600 

Stock inateriiil, inspection of, 1437 
Stock-ramming, 976 
Stone, 53 

arches, semi-circular, 10 
asphalt pavement, 1811 
block pavement, 370 
broken, specifications for, 1861 
concrete, 53 
dust, 53 

masonry, inspection of, 1453 
masonry piers, 1020 


Stone, I 

testing at crusher, 1470 
weight of compacted, 96 
Stopping leaks in cofferdams, 976 
Storage facilities, 1753 
Storing materials, 1885 
Straightening, 332, 1781 
channels, 1090 
metal in rolls, 1431 

Strait of Canso, proposed cantilever bridge 
for, 593, 1160 

Strap-plates for cantilever beams 379, 380 
plate-girder splices, 449 
Strauss, ,1. H., 716 

trunnion bascule, 704, 705, 714, 715 
heel-trunnion bascule, 706 
vortical lift bridge, 743 
Stream conditions us affecting layout^ 
1215 

Stream meanders, 1091 
Stream, slope of, 1120 
Street railroad tracks, 1635 
Strength of timber, 772 
Strengthening cylinder piers, 1530 
Stresses, 

alternating, 255 
analysis, origin of, 15 
arch ribs with fixed ends, 862 
l>caring, 255 
iHMiding, 203 

cantilever bridges, 570-572 
coefficients for trusses, 171-177 
combinations of, 250, 960, 1376, 1658, 
1659 

swing spans, 1689, 1690 
computation, 

coefficients for trusses, 171-177 
concentrated-wheel-load, method of, 
160, 161 

equivalent uniform load method of, 
164, 165 
methods of, 158 
diagrams, 1379 
old bridges, 1619 
freciueney of a]>i>lication of, 275 
iiuleterminate, 

avoidance of, 217, 220 
locations of, 223 
lateral systems, 175-177, 387 
longitudinal deformation of chords^ 
20S 

monolithic struetim*s, 842, 961 
oft-rc»peated, 255 
reversal of, 253, 1667 
temperature, 210 
tlu'ory, origin of, 13 
trusses, coefficients for, 171-177 
w'orking, 1664, 1657 
Stretch of ropes, 1719 
Strictness of inspection, 1764 
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Strinfsors, 

arranf^mont, 375, 376 
braiang, 294, 395, 405 
brackets, 376 
connection angles, 376 
connections, 329 
connections to laterals, 399, 4(K) 
continuity, 210 
coping, 375 

equivalent live loads, IGli 

fillers under ends, 302, 370, 377 

fitting, 370 

flanges, 32S 

framing in, 329 

iron, origin of, 24 

lengths, 370 

milling, 370, 1783 

iiuiuImt per track, 354 

pile trestles, 77 1 

railway truss spans, 1676, 1677 

shortening, 209 

spacing, 1637 

timber, 309, 774 

Strobel Steel ConstriKdion Co., 710 
Structural, 

hand-rails, 383, 384 
shapes, origin of, 17 
steel, limits of error in, 1784 
supports for machinery, 1697 
St nurture, layout of, 1372 
Structures, noiseless, 3-4S 
Strut connections, lat<*ral, 293 
Struts stifTening of long, 390 
star, 279 

Styles of highway bridges, 1640 
Styles of railway bridge's, 1640 
Subdivides! panels, 480, 48 1 
Sulxiivided triangular truss, 471 
Sublettmg of contract, 1666, 1882, 1886 
Submission of jilans by bidders, 1629 
Submitting pltiiis on ai)prf)val, 1623 
Sul>-pnnching, accuracy of, 1436 
Sub-punching and reaming, 327, 338, 
1782 

Substructure, 

c(mstructif>n expenses, 1366, 1367 
reeonstriietion, 1629 
rcinforcetl-concreto arches, 941 
remodeling of, 1749 
renewal, 1609, 1629 
Roman, 12 

Su(‘r;cssors and assigns, 1663 
Suggestions to contractor, 1470, 1471 
Sukkur Bridge, India, 1179 
SumiM, 978 

Sunday contracts illegal, 1671 
Superelevation, 355 

crowned roadways, 372, 373 
curves, 1637 
effects of, 132-134 


Suporolcvation, 

electric railway lines, 134 
shallow floors, 353 
Superstructure, 
remodeling, 1761 

si)eeifieatioiis for designing steel, 1632 
wciglits of, stiH.'! in, 1219 
Supply cables for swing spans, 1706 
Sui)ply shaft, 1006 
Supi>orts, 

machinery, 1697 
operating ropes, 1726 
Surcharge, 1032 
Surety consent, 1886 

Surface finish of reiuforccd-concretc work, 
953 

Surface of concrete, method of forming, 

1863 

Survey, 

preliminnrjr', 1088, 1091 
hydrographical, 1091 
navigable waters, bridging of, 1147 
topograpbieal, 1091 

Susi)ended span, economic length of, 

1198 

Suspending cables for vcrtical-lift spans, 

1718, 1719 

Suspending of caissons, 99-1, 1000 
Suspension bridges, 647, 649 
Aiiieriean, principal, 21, 23 
ancliorcd ends, 654 
backstays, 658 
cainlK'r, 752, 761 

cantilever bridges, cer)nr>iiiic coinpurisori 
with, 1206, 1207 
conditions (‘ailing for, 659 
d(*tail for suspended spans, 1077 
development, 648 
e(’onoini(‘ cable rise, 656 
erect imi, 1606 

greatest practicable span length, 656 

hoisting, 1077 

iron chauis, G 

longest, 659 

origin, 6 

l>rototypes, 3 

stilTcning trusses, 648 

maxiimim Ix^ndiiig, 650 
maximum shear, ()50 
BtressiNS in t-owers, 658 
study, 602 

susiiciision detail, 1077 
towers, 658 

w'cights of material in, 656, 657 
Wheeling, 21 
Sway bracang, 387 
connections, 506 
deck bridge, 1642, 1643 
Swelling of timlx^r, 773 
Sweuason, Eric, 669 



INDEX 


2167 


Swins spans, 6G4, 684-699, 1686, 1687 
adjusting, 695 

ariRhoring. 154, 693, 1075, 1693 
l)eariiig-blocks under drums, 1694 
lM>b-t:iilcd, GG4 

Boiler's formula for power, 689 
carnlxir, 753, 761, 1698 
centre-bearing, 696, 1695 
centre wedges, 1717 
. distribution of load, 687 

pivot, tracks, rack, and rollers, 
1716 

class! Gcation, 684 
comparative costs, 698 
comparative weights, 698 
comparison with bascules, 1208 
comparison with vertical lifts, 1208 
deflection, 1692 

double-rotating cantilever, 665, 666 
drums, 6SS, 1692 
designing, 691-692 
ccr)nomic functions of, 1194 
end lifts. 695, 1717 
machinery, 1724 

e(iualizers for driving-pinions, 693 
floating, (fSl, 1073 
latches, 1718 

live-load stresses, (iSt)-691 
lo:uling-girders, 1692 
loads, 1687-1689 
machinery, 1726 
nian-i)ower machinery, (J97 
percentage's of weights of metal in, as 
compared with simple spans of 
same length, 1249 
pow’cr, 1698-1700 
ra(;ks. 1715 , 1716 
rail lifts, (>96 

reactions for balanced loads, rim-l>earing, 
690 

reactions for cciitre-ljcaring, 691 
riin-lK'aring vs. centre-bearing, 685, 686 
rim-bearing, 

centre-casting, 1715 
trac'ks, rack, rollers, and centre-cast- 
ings, 1713 

rising of ends, 694, 695 

roller bee rings, 1717 

roller nests, 696 

Tollers. 1714, 1716 

rust joints for dnims, 688 

stress-combinations, 1689, 1690 

styles of trusses, 1686 

trusses, details of design for, 1691 

wedges, 696 

weights of metal for, 1242-1249 
wind loads, 154 

Switch points for creeping of rails, 357 
Switches and switch-boards, 1706, 1796 
Switches, limit, 1706, 1797 


S 3 rmmetry, 273, 274, 1155 
Systemization, 268 

T 

T-lx*ams, rcinforced-concrete, 806, 836, 961 
moments of inertia of, 841 
Tables for designing and detailing, 
accuracy of calculations, 1377 
bars, reinforcing, weights and areas, of 799 
concrete, 

coefficient of elasticity, 959 
strength of mixtures, 957 
unit stresses, 958 
weights and areas of bars, 799 
cost data, 

material delivered at bridge site, 1359 
material in one cu. yd. concrete, 1356 
material in place, 1355, 1360 
Dun drainage table, 1112 
engine diagram, Class 50 loading, 163 
foundations, 

arch bridges, concrete, piers and abut- 
ments, 1339 
cylinder piers, 
bracing, 1056 
highway, 1055 

roof thickness, pneumatic caisson, 
working chamber, 1049 
safe loads, 966 
machinery, 

gears, factor of strength y for, 1711 
gears, pitch diameter, 314-321 
hand brakes, value of for, 1705 
unit stresses, 1710 
wire ropes, 

allowable variation in fabricated 
length, 1719 
Ix^nding stresses in, 311 
proi>erties of, 310 
sockets for, 312, 313 
weight of, 310 
plate-girder flanges, 

area and weights of cover-plates, 426 
centre of gravity, 424, 425, 427 
make-up, no cover-plates, 430 
make-up with cover-plates, 423 
unsupported length, 431 
plate - girders, spacing of stilfcncrs for, 
1670 

radii of gyration, approximate, 504 
reiiiforced-concrete. See concrete, 
rivet holes deducted from built-up mem- 
bers, 512 

roller shoes, dimension of, 457 
stresses in trusses, coefficients for 
chords of lateral system, 177 
diagonals of lateral system, 176 
live-load reactions, 169 
Pratt trusses, 171 

triangular or Warren trusses, 172-174 
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Tables for designiriK and detailing, 

swing bridges, ratio of uplift to dead load, 

1660 

tics, railway, 

allowable span lengths, .‘ICO 
sizes for various loadings and span 
lengths, 

timber, unit stresses for, 770 
trusses. 

spacing for railway deck bridges, 1638 
weights, formula) for, 1287 
unit stresses, 

bearing on carbon steel pins, 323 
bending on carbon and nickel steel 
pins, 324 

compression for carbon steel, 322, 323 
concrete, 958 

coefficient of elasticity, 959 
strengths of mixtures, 957 
increases in intensities for combina- 
tions of loadings, 900 
shear and bearing values for carbon 
steel rivets, 325 
wire ropes, 310, 311 

waterways required for drainage areas, 

1112 

weights of reinforcing rods, 799 
Tacoma City Waterway Vertical Lift Bridge, 
734, 735 

Talbot, A. N., 830, 857. 858, 800 
formula for discharge area, 1113 
precipitation formula, 1118 
Tap-Wts, 1731 
Tapes, steel, 1786 

temperature effect on, 1667 
testing of, 1467 
triangulation, 1466 
Targets, 1467 

Tar paper for plank floors, 308 
Tees, 48 

Tehama Lift Bridge, 728 
Telescoping connections, 508 
Telescoping of cylinder piers, 1026 
Temperature, 

changes in reinforccd-concrcto bridges, 
957 


effects, 1664 

rcinforced-concrete, 212 
arches, 864 
tapes, 1467 
stresses, 210 

hingelcss and two-hinged arches, 212 
rcinforccd-concreto bridges, 870-872, 
882, 957 

Templates \ 

Templets / 

reaming to, 334 
Temporary bridge, 1748 
Temporary lay-out for East Omaha Bridge, 
1073 


Temporary omission of cantilever brackets, 

1073 

Tenders, 1879, 1880 

\reights of locomotive, 100 
withdrawal of, 1881 
Tension-chord joint, designing of, 527 
Tension lap-si)lice, designing of , 512-515,517 
Tension incmbers. See Trusses, members. 

net section of, 295-298, 1668 
Tension straps, 380 
Teredo naval is, 780, 970 
Terms, meaning of, 1882 
Testimony, expert, 1624, 1625 
Tests, 

asphalt, 1809, 1818 
brick, 1826, 1831 

broken stone, 1470 
concrete, 946, 1468 
eye-bars, full-sized, 1775 
foundations, 1618 

full-sized built members or details, 1776 

hardness of concrete, 953 

impact. 121-123, 1618 

materials in existing bridges, 1616, 1617 

methods of, 1772 

old masonry, 1618 

old timber, 1618 

paving, 1818, 1823 

])crcontnge of voids, 1467, 1468 

piles, 1009 

rivets, 1432 

spans, 1618 

specimens, 1773 

steel, 1772-1777 

number of test-pieces, 1774 
steel tapes, 1467 

Thatcher, Edwin, 15, 28, 258, 1066 
formula for columns, 258 
Thebes Bridge, 569, 598, 1067, 1166 
Theorem of four iiioincnts, 215 
Theorem of throe moments, 215 
Theory of stresses, origin of, 13 
Thickening of webs, 333 
Thickness of concrete arch ribs, equation for, 
S67 

'I'hickncss of metal, minimum, 1661, 1680 
Thi(*kncss of wcb-platcs of compression- 
members, 1677 
Third coat of paint, 760 
Thompson River (B. C.) Bridges, 577, 578 
Threads, 1786 

Three-hinged arches, 620, 627, 636 
Three moments, tlieorcm of, 215 
Three-truss bridges, 484 
Through plate-girder spans, 465 
laterals for, 394 

tics supported on bottom flange, 353 
Through tniss spans, weights of metal in, 

1223-1226 

Thrust angles for cantilever head's, .’’SO, 400 
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Thrust castings (contrinR castings), 17S3 
Thrust of earth, 1034 
Thrust of trains, 277, 400, 541 
bracing to resist, 1677 
detailing for, 283 

Thurlow Street Bridge, design for, Vancouver, 
B. C., 1176 

Tidal action, utilization of, 1610 
Tidewater Railway formula. 1113 
Tie plates, 329. 331. 302, 1634 

A. U. E. A. recommendations, 302 
for truss members, 1678 
Tics, 1633 

bevelled, 300 

boring for spikes, 302 

bottom flanges of ilirough girders, 353 

concrete, 303 

crowning of roadways, 372, 373 
curves, 300 
dapping, 359 
inspection, 1469 
lengths. 301 
manufactured, 303 
on parapets, 301 
quality of timbers, 301 
refuge bays, 301 
shear in, 302 
shimming, 300 
shims on floor-beams, 301 
sizes. 359-301, 309, 370 
spacing, 300 
steel, 303, 370 
tables for, 359, 300 
treatment, 301 
Tilting of ear, MS 
Timber, 52, 1804 

arch bridge over tlie Danube River, 10 
beams, figuring of, 
bending, 303, 30-1 
shear. 302 

bridges, longest span, 12 
caissons, 988 

construction in general, 1840 
creosoted, 775 

crib for draw i)roteetion, 7S0 
cribs and caissons, 1048 
floors. 305, 300, 1633, 1634, 1636 
hand-rails, 383 

inspection. 1460, 1463, 1469, 1470 

piers, 1026 

pile piers, 1057 

portions of bridges, 1638 

preservation of, 1806 

resistance to moisture of, 772 

shear, longitudinal, in beams, 302 

shrinkage of, 772 

sidewalks, 1836 

splicing of, 772 

strength of, 772, 776 

stringers, 774 


Timber, 

swelling of, 773 
testing old, 1618 
track, (luality of, 361 
treated, 775 
for floors, 366 
treatment of, 361 
trestles, 530, 772, 773, 776 
approaches, 1866 
origin of, 21 

unit stresses for, 263, 1046, 1047, 1666 
use of in bridges, 52, 53 
weights of, 95 

Time cards. 1406, 1406, 1407 

Time considerations as aiTecting layout, 1816 
Time estimates, 1363 
Time of completion, 1876 
Time-rccords, 

calculations, 1407 
office drawings, 1408 
shop drawings, 1409 
“Tin” bridges, 1633 
Tin i)lato, 50 

Tipping of caisson. 090, 997 
Titanium in steel, 86 
eflFect of, 93 
in vanadium steel, 85 
Titles for drawings, 1381 
Toch Brothers* paints, 771 
Toe \ralls, designing of, 1038 
Toggles for end lifts of swing spans, 1718 
Toledo, (Ohio) Bridge over Maumee River, 
980 

Tomlinson, Josci)h, G07 
Top chords. See also Trusses, mcmliers. 
curvature, 479, 480, 487, 488, 1176 
examples, 480 
curved, 479, 480 

span length to change from parallel 
chords, 479 
skew spans, 4S7 
heating of, 212 
polygonal, 479, 480, 487, 488 
Top flange bracing, 395 
Toi)-latcral system, 400, 40.) 

ToiMigraphical .survey, 1091 
Tops of i)ier bases, elevations of, 1051 
Tops of viaduct eolunms, 339 
Torsion, 255 

on members, 272 
Tower Bridge, London, 701, 1164 
Tower sheaves, 1780 

bearing connections. 1789 
journal-bearings, 1788 
shafts, 1781 
Towers, 

anchoring, 210 
braeiiig, 539 
columns, batter for, 540 
girders in, 338, 339 



2170 


INDEX 


Towers, 

spacing, 541, 542, 1644 
* vertical lift spans, caiiil)cring of, 762-761 
viaducts, 320 
Town, Ithiel, 15, 20 
Town truss, 20, 772 
Tracing cloth, 1387 
Tracing file, index for, 1410 
Tracings, filing of, 1396 , 1409, 1410 
Track, 

adjustment of, for curvature, 138 
breaking, 357 

crowning of roadways, 372, 373 
curvature, 

clearance diagrams for, 147 
effects of, 132 
on chords, 145 
on deck spans, 144 
on floor-beams, 141 
ecjualizing stresses for, 146 
driver for piles, 1015 
elevation, floors for, 348, 349 
fanning of, 537 
gauge, 355 
guard rails, 363, 364 
humps, 1212 
protection piers, 364 
rails and their connections. See Rails, 
refuge bays, 361 
rcrailing frogs, 36*1, 
sags. 1212 
spacing, 355, 1639 
spikes, 362, 363 
spreading of, 537 
street railroads, 1636 
superelevation, 355 
swing spans, 1713 , 1716 
tie-plates. See Tic plates, 
tics. See Tics. 
timl)cr, quality of, 361 
vertical curves, 356 
walkways, 361 
Traction bracing, 391, 1677 
Traction engine, 108 
weights of, 118 
Traction frames, 200 
Traction loads, 149, 156, 157, 1663 
reinforced-concrcte bridges, 956 
trestle towers, effect of, 157 
Traffic, 

classes of, 341 

falsework for carrying, 1849 
maintenance of, 1608, 1752 
Trail Bridge over the C'olurnbia River, B. C.t 
736, 1026 

Train, 

falsework for carrying, 1847 
loads, 34 

service, frequency of, 1608 
speed of, 133 


Train, 

thrust, 277, 541 
velocities, 132, 134 
Train sheds, 

arches for, 618 
cantilevers for, 569 
Training dykes, 1060 
Tramways for construction, 999 
direct measurements from, 1466 
Transburdeum, 670, 671 

author's prf)poscd improvements in, 674 
Transferred load, 1662 
Transformation formula for weights of 
bridges, 1276 

Transportation methods, 34 
Transportation over Purchasers* lines, 1764 
Transporter bridges, 670, 671 

author's proposeil iniprovctncnts in, 674 
Transverse lateral strut connections, 293 
Transverse loads, l)eii(ling duo to, 205 
Trap box, use of, 978 
Traveler, 1602 
Traverse lines, 1147 
Treadwell, I-ee, 1463 
Treated timber, 775 
for floors, 366 

Treatment of employees, 1607 
Treatment of track timber, 361 
Tredgold, ^’homas, 14 
TrCmie, use of, 978 
Trestles, 534 

anchoring of towers, 210 
approaches, 1866 

Ixmts, intermediate columns in, 541 
columns, stresses in, 1669 
combination of stresses, 250 
costs of, 777 
curves, sharp, 540 
definition, 5.34 
designing, 251 
details, 1683 , 1684 

double-track railway, weights of metal in, 

1266-1268 

economic layouts, 1269, 1270 
economics of, 1189 

electric railways, weights of metal in, 1269 

framed, 773, 775 

guard rails, 774 

highway, 1644 

inspection, 1460 

laying out, 537 

location of expansion points, 539 
pedestals, 542 
inle, 773 
railway, 1643 
origin, 27 

rcinforccd-concretc, 536 

economic span lengths, 1327 . 
ainglc-traek railway, weights of metal in, 

1267-1263 
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Trcstlos, 

sliding joint.s, 5.39 
stocl, 530 

coonoiiiic spun lengths, 1259 , 1270 
limber for, .5.30, 773, 770 
limber, origin, 21 
towers, 

bnicing, .530 

eonneeting »)f by girders, .5.38, .539 
efTect of tnietioii londiiig upon, 1.57 
weights. See Weights of »Ste<»l Super- 
structures. 

wooden, .531), 772. 773, 770 
Triaiigulnr-hittice truss, 474, 475 
Triangular frii.sse.s, 24, 470, 471 
double-intersection, 408, 471 
stress coenicicrits, 172-174 
Triaiigiilation, 1460 
checking. 1462 
correction of angles, 1461 
hubs, 1458 , 1459 
ideal system, 1459 
locating piers, 1464 
records, 1461 
Trolley ))oles, 384-380 
3>olleys for lift spans, 1707 
I’roubles in bridge niaintenanee, 1523 
3Vough floors, .330, .341), 1634 
Trough plates, 47 
I'rough sections, milling of, 333 
3>ovv(‘ling, 1023 
Trumbull, R‘irl, 22 
3Vuncjite«l (Mines of piers, 1300 
IVuiinion type of bascules, 701 
Truss depths, 
economic, 1184 
e.\(M*ssive, 1176 

Trusses and truss bridges, 40S 
batten jilates, 50.5 
eanibering, 333, 7.54, 7.5.5 
chords. See members, 
chords of lateral .syslenis, 175 
continuous, 25, 482 
curved in ]>lan, 1071 
curved top chords, 470, 480, 487, 488 
dcflo(dion, 2.38 

depths for cjinti lever bridges, 581) 

description, 480 

detailing, 402, .503-52ti 

diagonals. See member.^. 

diagonals of lateral systems, 17G, 177 

diaphragms. Sec Diaphragms. 

elements, 480 

end post. *SVc members. 

equivalent live loads, 1G8 

formiihe for weights, 1281 

gravity axes, 401 

guss(4^plutC3. Sec Ciusset-platcs. 

bangers. See members. 

hybrid, 482 


Trusses and tniss bridges,' 

lacing, 285-202, 503-.505, 1678, 1679 
lateral connections, 503, 527, 532 
iiiemliers (piii-comicctcd trusses), 526-531 
bottom chord, 527 
bottom lateral connections, 527 
built, 520 

chord ser^tions, 527, 529, 530 
diagonals, 527 
eye-bars, 520, 527 
I>in-pa(;king, .527- 529 
riveted coiiii(.‘etious, 527 
web-plates, 527-529 
end, 528, .529 
multiple, 527, 528 
mcnil>ers (riveted trusses), 490 
angles for box sections, 408, 499 
building up, .500 -503 
ecntral diaphragms, 408 
channel sections, 4t)5, 400, 502 
built, 405, 400 
roll(*(l, 405 

covcr-platc, 408, 499 
depth, 404 
details at joints, 518 
determination, 502, 50.3 

approximate radii gjTation (table), 
504 

net section (table), 512 
point of con trail exnre (diagram), 
298 

diaphragms, 408, .500, .507, .5.31 
four-angle box .section, laced, 498 
1-sect ion, 403, 404, 405 
lacing. See. Lacing, 
lateral connections, 50.3 
iiiiiltiple punching, 503 
sections, 400 103, 502 
arrangement, 491, 402 
arrangement of angles, 492, 493 
deck spans, 492 
through spans, 40.3 
fact^irs determining, 4t)2, 400 
ojien-wcb riveted girders, 400, 491 
pony trusses, 490, 401 
typical, 400 

tof) chord and end post, 40S-500 
angles, 409 
box-scction, 409 

centre of gravity, equality in two 
directions, 4t)9 
cover-plate, 408, 499 
radius of gyration, approximate, 504 
typical sections, 490 
web-plates, 496-498 

l)ctweon angles, 496, 497 
full depth, 496 
number, 497 
sizes, 497, 498 
widths, 493, 498 
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Trussos and tniss bridgos, 
multiple punohiiif', 5():< 
niiml)or of trusses per span, 483, 484 
open-web riveted girders, 490, 491 
origin of, 12 
panel length, 481, 193 
percentage of (h'taih, 1227, 1239-1241 
pins, 530, 531 
ixiny trusses, 490, 491 
posts. fcSre iiienibers. 

Pratt, stress eoeflieients, 171 
riveted, 31 
rivets. Sfc Rivets, 
shoes, 532, 533 
simple, longest, 25 
skew si)ans, 4S4 488 
skid girder, 533 
spai'iiig of trusses, 483, 1638 
span length, 408 
splices. Sic Splices, 
stay-plates, 505, 506 
stress eoeflieients, 171, 177 
subdivided panels, 480, 4S1 
swing-spans, details of design for, 1691 
top chord. See members, 
triangular, stress eoeflieients, 172, 174 
vertical end posts for through spans, 481, 
486 

Warren, stress eoeflieient.*?, 172-174 
web niombers. Sec meinlM*rs. 
weights <»f metal. See Weight of sti‘el 
superstructures. 

Trusses, types of, 

“A ” (Waddcir.M), 468, 477 
Raltiiiiore, 24, 408, 409 
Rollmaii, 408, 472 
Ilurr, 19 

Camel-back, 408, 477, 478 

duublc-inlerscetion triangular, 408, 471 

link, 408. 472 

Howe, 19, 20, 408, 472, 772 

hybrid, 482 

“ K,*’ 16, 478 

Kellogg, 468, 477 

lattice, 47 1 

with polygonal top chord, 468, 476 
lcntir;ular, 408, 474 
Long, 20 

Murphy- Whipple, 23 
parabolic, 408, 474 
Parker, 24, 469 
Pegrarn, 468, 477 
Pennsylvania, 25, 469 
Petit, 25, 208, 469, 470 
pony, 408, 479 
Post, 23, 468, 473 
Pratt, 468 
radial, 468 
Schwedler, 468, 476 

single-intersection triangular, 468,470,471 


Trusses, types of 

subdivided triangular, 471 
Town lattice, 20, 772 
triangular, 24, 470, 471 
triangular lattice, 474, 475 
Warren, 24, 468, 472 
Whipple, 23, 468, 476 
Tmth, 1155 

Tsinanfu ((^hiria) Bridge, 603 
Tubular bridges, 17, 23 
Tuilerics Bridge, 12 
Tullock, A. J., 770 

Tunkhannock Creek Viaduct, 1169, 1171 
Turubuckles, nuts, threads, and washers, 

1786 

Turned Ixilts, 337, 1731, 1786 
Turned-in flanges of channels, 339 
Turning drill pipe, 1102 
Turntable designing, 691 
Twelfth Street IVafficway in Kansas City, 
848, 865, 924, 936, 942, 1169 
Twisted bars, 48 
Two-hinged arch, 626, 636 
temperature stresses in, 212 
Two-rivet connections, 276 
Tyrone Bridge, 605 
Tyrrell, Henry Grattan, 716 

U 

Ugliness of bridges, 1156 
Ultimate strength, 265 
Unclassified work, 1484, 1878, 1884 
bills of, 1482 
Underpinning, 1630 
Uniform loads, plate girder spans, 
lengths of cover-idatcs, 443 
moments, shears, and reactions, 42, 
414 

Union Bridge and C'onslruction (Company, 

1072, 1613 

Unit prices of iiiateriuls, 1364, 1366, 1369, 
1360 

Unit reaction method of computing live-load 
8tre.ssos, 169 

Unit stresses, 255, 1664, 1667. See also 
Tables for Designing, 
columns, 322 

forked ends or jaw plates, 323 
machinery, 1709-1712 
pins, l)caring, and bending, 323, 324 
rivets, bearing and shear, 325 
timber, 1046, 1047 
weights of materials, 1649 . 

United States Army Engineers' hearings, 
1142 

United States Government requirements for 
bridging navigable water/), 1137 
United States map showing the annual rain- 
fall and record run-offs, 1110 
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United Sttftes Steel Corporation, 70 
Universal mill plates, straightness of, 1420 
Unnecessary rivets, 503 
Unsupported lengths of columns, 060 
Unsupported lengths of plate-girder flanges, 
431 

Uplift loads, 07, 1660 
Upper lateral systems, 405 
Use of piles for foundations, 000 

V 

Vacation, annual, 1608 
Valuation of materials furnished, 1480 
Valuation of work done, 1480 
Value of bridge engineers’ services, 37 
“ Value of English to the Technical Man,*’ 
1673 

Value of pigment, 766 
Van Hriirif, Henry, 1160 
Van Oriium, Professor, 1059 
Vanadium-carbon steel, 82, 89 
nickel in, S5 

Vanadium-chromium steel, 82 
Vanadium steel, 84, 86 
bridges, costs of, 85 
bridges, economics of, 80 
heat-treated, 84 
possibilities of, 90 
strength of, 82 
titanium in, 85 
Variable clauses, 1741 

Variation, permissible, in weight and gauge, 

1779 

Varying of panel lengths, 1038 
Vehicle for paint, 76(5 

Velocities of current, determination of, 1148 
Velocities of trains, 132, 134 
Vera (’niz and Pacific Railway Bridge, 
foundations. 083 
Vertical curves, 356, 374 
Vertical end posts for through spans, 4S1 
Vertical lift bridges, 717-716 
advantages of, 746 
cambering of, 753, 761 
cambering »)f towers for, 762, 763, 7(54 
comparison with bascules, 1208 
comparison with swing span8722, 1208 
counterbal ancing chains, 
grouping of, 744, 745 
guides for, 1722 
history of, 717 
hydraulic buffers for, 723 
longest movable span of, 737 
machinery for, 1789 

Pennsylvania Railroad Company at 
Chicago, 734, 736 

provision for cantilever bracket loading, 
746 

Rail, 743 


Vertical lift bridges; 

Strauss, 743 
tabulation of, 744 
unbalanced loads on, 722 
wind loads for, 155 

Vertical loads on girder flanges, rivet pitches 
for, 436 

Vertical splice plates, main, design of, 451 
Vertical sway bracing, 401, 402, 404 
Vessel signals, 1801 
Vessels, loading metal on, 1766 
Viaducts, 338, 534 

columns, tops of, 339 
cross-frames, 338 
definition, 534 
girder depths, 329 
highway, 1686 
tower-girders, 339 
towers, 320 

Viaur Viaduct (France), 631, 632 
Vibration, 

effect of, 256 
formula, Robinson’s, 124 
loads, 140, 155, 1663 
Victoria bridge, 23 
Void drawings, 1390 , 1396 
Voids, percentage of, 1467, 1468 
Volatilization test for as{>halt, 1820 
“Volume of Layout,” 1338 
Von Emperger, F., 18, 28 

W 

Waddell, J. A. L. 

“A” truss, 4(58, 477 
formula for impact, 122 
Waddell, Montgomery, t>T)OS of bascules, 
711, 712, 715 

Waddell, N. Everett, 783, 1893 
WaddeU, R. W., 1893 
Waddell & Harrington bascule, 700-711 
Wages, rate's of, 1766 
Wagner, Samuel Tobias, 351 
Wagons, weights of, 1 18 
Waikato River Arch Bridge at C’ambridge, 
New Zealand, (530, 638 
Waikato River Arch Bridge at Hamilton, 
New Zealand, 627, 620. 638 
Wakefield sheet piling, 975, 1013 
Walker, W. R.. 76 
Walkways, 361 
Walkways and stairs, 1734 
Walls, 

double-shaft piers, 1052 
footings, 837 

calculation of stresses in, 861 
designing of, 030 

retaining, 1031, 1032. Sec Retaining 
walls. 

Waiidiimrc, Tibet, cantilever bridge, 7 
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U'.ir Department, 

approval of hridffo plans, 1140 
roqiiiroments for clear headway, 1143 
roquireineiits for opeiiiiif^s of movable 
spans, 1143 

War, effect of upon contracts, 1S62 
AVarning contractors, 1615 
Warren tniss, 24, 46S, 472 
stress coefficients, 172-174 
Wash borings, 1093 
equipment for, 1094 
Washing of sand, 104*1 
AVashout, danger of, 749 
AVashout of falsework, 1201 
AVatchman for boring outfit, 1106 
AVater, weight of, 9t5 
AA’ater-jets, 1015 

driving piles, data for, 1018 
nozzles for, 1018 

AA’ater-pipes, carrying of, 1076, 1843 
AA'aterford Bridge over the Hudson. 19 
AA’aterproofing, 769, 847, 1848 
floors. 351, 352, 369 
AVaterway, 
areas, 

dctcrniination of, 1109 
example of, 1122 
formuke, 1113 
AVattled piling, 1063 
AV’ave action, 1059 
AA'ayss, 18 
AVearing floor, 366 

AA’eariiig of joints in pin-connected bridges, 
749, 750 

AVearing surfaces, 

asphalt pavement, 1814 
plank floors, 366 
wood-block floors, 368 
AVeb, 

compound, 500 
duml>-bcll piers, 1052 
plates, plate-girders, 419-421 
depth of, 419, 420 
design of, 419-421 
splices, 420 

stress distribution, 420 
splices, plate-girders, 301, 447-452 
design, 450-452 
loads, 447, 450 

types, cr>mparLson of, 447-449 
thickening of, 333 

Web reinforcement for rcinforced-cc ncreto 
constructions, 962 
Wedges for swing spans, 696, 1717 
machinery for, 1724 
AA’eekly charts of progress, 1486 
AVeekly reports, 1486 
AVeepers, 1032 
AVcights, 

asphalt pavement, 95 


AAVights, 

brick pavoniont, 95 

bridges, illustrative examples for flnding, 

1292 

broken stone, 90 
cattle, 117 
compacted stone, 96 
concrete, 95 
deformed bars, 799 
details of steel bridges, 283 
earth, 96 

material in stiffening trusses of suspen- 
sion liridgcs, 65(i, 657 
materials, 1649 

member, Ix^nding due to weight of, 205, 
252 

metal, eomputation of, 1377 

metal, estimates of, 279 

metal in cantilever bridges, 581-583 

nickel steel in l)ridges, 61 

I)cople, lOS 

permissible vuriatioii in, 1779 
rails, 05 

road rollers, 1 18 

round and square l)nrs, 799 

steel, 96 

steel ca!)lcs, 96 

steel suiKTstructures. *Src AVcights of steel 
superstructures, carbon steel and 
nickel and alloy steels, 
swing spans, 098 
tenders, 100 
timber, 95 

traction engines, 1 1 S 

truss namibors, bending due to w'cight of, 

1661 

wagons, IIS 
water, 90 

Weights i>f steel superslnirturcs — carbon 
steel, 

arches, 

platc-girdcr arch ribs — author’s for- 
muke, 639 

open-wobbed riveted — author’s for- 
mula}, 641 

opcn-webl)ed riveted — Kunz’s for- 
mula, 642 

cantilevers — double-track railway, 

trusses and lateral systems of canti- 
lever arms and anchor arms, 583 
type “A.” (See page 1271.) 

floor system, laterals, and on piers, 

1272 

pin-conncctcd spans — trusses an»l 
total metal, 1276 

riveted spans — trusses and total 
metal, 1273 

type B.” (See page 1271.) 

floor system, laterals, and on piers, 

1277 
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cantilevers — double-track railway, 
type " IV* 

pin-connected spans — trusses and 
total metal, 1279 

riveted spans — trusses and total 
metal, 1278 

typo “ C.” {See page 1271.) 

floor system, laterals, and on piers, 

1280 

pin-connectod spans — trusses and 
total metal, 1232 

riveted si):ins — trusses an<l total 
metal, 1281 

type “D." (See page 1271.) 

floor system, laterals, and on piers, 

1283 

piii-fonne<;tf‘d spans — trusses and 
total metal, 1285 

rivet imI si)ans — trusses and total 
metal, 1284 

I-l)oarn spans, single-track railway, 

1220 

lacing, 

angle, 288 
bar, 2S7 

pin-eonnoeted through trusses, 
metal on piers, 1267 
I’etit trusses, one truss, 1266 
Pratt trusses, one truss, 1266 
rjiihvay, rloul )Ie-track, 

Petit trusses, 

floor system, laterals, and on 
piers, 1247 

trussc's and total in spans, 1248 
Pratt trusses, 

flour system, laterals, and on 
piers, 1244 
tnisM's, 1246 
total ill span, 1246 
railway, single track, 
floor system, 1233 
lat(*rals and on piers, 1223 
Petit trusses — trusses and tiital in 
span, 1236 

Pratt trusses — tnissos, 1234 
Pratt trusses — total in span, 
1235 
plate-girders, 

deck, single-traek-railway — ^total in 
span, 1221 

half-through, double-track, railway — 
■total in span, 1237 
half-tlimugh, singlo-track-ruilway — 
total in span, 1222 

riveted ( nd-conncctious, one ginlcr, 

1260 

riveted, deck, Pnitt trusses, zpctal in one 
truss, 1263 


steel, 

riveted, deck, single-track-railway Pratt 
trusses, 

details, 1226, 1239 
floor system, 1229 
laterals, 1230 
metal on piers, 1230, 1267 
total in span, 1232 
trusses, 1231, 1263 
riveted tlirough trusses, 
det.'iils, 1225 
on piers, 1267 

light liighway — one tniss, 1264 
Petit trusses — one truss, 1262 
Pratt 1russ(js -one tniss, 1261 
railway, doubU»-tRM;k, 

Petit trusses, 

floor system, laterals, and on 
]>iers, 1242 

trusses and total in span, 
1243 

Pratt trusses, 

floor system, 1238 
laterals and on piers, 1239 
total in span, 1241 
truss details, 1239 
tmsscs, 1240 
railw’ay, single-track, 
floor system, 1224 
laterals and on piers, 1223 
Petit tnisses — tmsscs ami total in 
span, 1228 

Pratt trusses — trusses, 1226 
Pratt trussc's — total in span, 1227 
truss details, 1226 
suspension briilges, 

stiffening tmsses, 651, 652, 654 
floor system, 053 
swing spans, 1242-1249 
trestles, 

electric railway, approximate method, 

1269 

double - track - rail way, approximate 
method, 1266 
single-t rac k-raihvay , 

type* I. {See page 1258.) 

girders and girder bracing, 
1258 

total for ecoiioinie Layouts, 1262 
tower br:u*ing, 1260 
tower columns, 1261 
type IT. {See page 1264.) 
girde.rs and girder bracing, 1264 
one bent, 1266 
one tower, 1266 

total for economic layouts, 1270 
towers and bents, 1267-1269 
transformation formulie, 
floor system, 1286, 1288 
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Weights of steel superstructures— carbon 
steel, 

transformation formula}, 
lateral system, 1283, 1289 
trusses, 

formulsB for weights, 1287 
variation in loadings, 1287 « 
1288 

variation in material, 1288-1291 
variation in span length, 1286 , 
1291 , 1292 

variation in unit stresses, 1288 - 
1291 

Weight of steel sui>erstructures — nickel steel 
and alloy steel, 
cantilever bridges, 

double-track railway — ^total in bridge, 
G3. 80 

probable total for very long spans, 
67 

single span bridges, double-track-railway, 
total in spans, 62, 78 
transformation formula. See Weights 
of steel superstructures — car- 
bon steel. 

WelKngton's pile formube, 1009 
Wells, filling of, 996 
Wells of caissons faces of, 987 
Wentworth's formula, 1113 
Wernwag, 15 
Westminster Bridge, 12 
Weston, C. V., 567 
Weyrauch, 15 

Wheeling suspension bridge, 21 
Wheel-load method of stress computation, 
160, 161 

Wliipple, Squire, 15, 22, 717 
Whipple truss, 468 476 
origin of, 23 
White, H. F. 971 
White and Hazard, 21 
Wide-legged connecting angles, 209 
Wide plates, extra cost of, 327 
Widths, 

arches, 637 
bridges, standard, 332 
cover-plates, 498 

minimum for cantilever bridges, 570 
Wilkinson, 18 

Willamette River Lift Bridge, Portland, 
Ore., 495, 724, 725 
lowering caissons of, 1067 
Williams, J. P. J., 215 
Williamsburg Bridge, 27, 056 
Wiliiot diagram, 182, 187, 220, 239, 243, 245, 
246 

Williot-Mohr diagram, 239, 245, 246 
Wilson, W. N., 217 

Wind loads, 149, 956, 1661 - 1663 , 1688 , 1689 
bascules, 166 


Wind loads, 

combined hifdiway and railway bridges, 
152, 154 

effects on bridges, 155, 489 
highway and electric-railway, bridges, 
152, 1662 
indirect, 1662 

intensities of working stresses for, 262 
movable bridges, 154 
railroad bridges, 1661 
reinforced-concrete bridges, 956 
swing spans, 154, 1688 , 1689 
vertical lift bridges, 155 
Wind pressure, formula for, 149, 150 
inclined surfaces, 150 
Wind stresses, 152, 1376 
Wing abutments, volumes of, 1314-1317 
Winner Bridge, 723 
Wire, 50 
mesh, 769 
netting, 769 
ropes, 49, 96, 310 

bending stresses in, 311, 1712 
cables for swing spans, 1718 
sockets for, 311, 312, 1789 
tables of, 310-313 
Wiring, 1706 

for electric power, 1796 
Withdrawal of tender, 1881 
Witness to signatures, 1886 
Wolfel, Paul L., 2a3, 327, 339, 596, 614 
WTood-block pavement, 366 368 
bases, 368 
cushions, 368 
fillers, 368 

Wooden bridges, 52, 772 
advantages, 777, 778 
floor systfms, 773 
renewals, 775 

Wooden caissons, designing of, 1004 
Wooden piles and pile driving, 1866 
Wooden trestles, 536, 772, 773, 776 
costs, 777 

railway, origin of, 27 
Work, 

foreign countries, 1683 
other contractors, 1766 
starting of, 1884 
Work done, valuation of, 1480 
Working chamber, 1048 
batters, 988 
roof, 1048 
stepping off, 988 
Working drawings, 1380, 1769 
Working stresses. See also Tables for de- 
signing. 

compression members, 259, 310 
diversities in, 260 

intensities of, 120, 255, 261, 1664-1666 
machinery, 1709 
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Working stresses, 
nickel steel, 2G2 
reinforced-concretc, 264 
reinforced-concrotc bridges, 957 
substructure materials, 263 
timber, 263, 265, 1656 
Work-shop trusses, cantilevers for, 569 
Workmanship and materials, 1766 
electrical, 1792 
. inspection of, 1412 
Worm gears, 1727 

Womall Road Bridge, Kansas City, 1169 


Worthington, Charles, 622, 623 
Wrought iron, 49 

effect of on bridge construction, 13 
intensities for, 257 
Wttnsch, 18 

Y 

Year-plates, 1786 

Yellowstone River Lift Bridge for Great 
Northern Railroad, 737, 738 
Yelm, C. W., 793, 865 
Young, C. R., 1209 









